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.1  . 1 BACKGROUND 

The  currently  proposed  National  Airspace  Data  In- 
terchange Network  (NADIN)  is  to  be  a common  user  network  to 
serve  FAA  data  communication  requirements.  Although  the  NADIN 
concept  extends  beyond  existing  services  in  scope  and  function, 
the  initial  development  of  the  network  must  be  oriented  to- 
wards improving  existing  services  as  needed  where  technologi- 
cally feasible,  operationally  attractive,  and  financially  bene- 
ficial. The  FAA  has  identified  the  Service  B network  and  the 
Aeronautical  Fixed  Telecommunications  Network  (AFTN)  as  two 
existing  services  whose  integration  is  most  likely  to  satis- 
fy the  above  objectives  as  well  as  establish  a kernel  for  fur- 
ther development  of  the  NADIN.  In  particular,  the  need  for  im- 
provement of  the  two  services  is  urgent.  The  current  load  on 
the  existing  networks  is  near  saturation.  Load  projections 
indicate  complete  saturation  and,  consequently,  intolerable 
performance  in  the  immediate  future.  The  historical  procedure 
for  prolonging  the  satisfactory  performance  of  the  networks 
by  introducing  additional  circuits  has  reached  a point  of  lim- 
ited effectiveness  and  immense  expense.  The  networks  appear 
operationally  similar  and  technology  appears  available  for 
achieving  cost-effective  integration.  Because  the  Service  B 
and  AFTN  networks  are  well  established,  operational,  highly 
utilized,  and  represent  a significant  investment  in  dollars 
and  human  resources  for  operation,  their  improvement  must  come 
through  a smooth  evolution  of  operational  procedures  and  hard- 
ware transitions.  The  purpose  of  this  study  is  to  examine 
the  operational  and  technical  feasibility  of  achieving  the 
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above  objectives  by  developing  an  integrated  network  archi- 
tecture. The  study  has  resulted  in  a proposed  network 
architecture  which  not  only  satisfies  the  objectives  for  Ser- 
vice B and  AFTN,  but  also  serves  as  a kernel  for  further 
NADIN  development. 

1.2  SYSTEMS  AND  CONCEPTS 

The  message  transfer  networks  operated  by  the  FAA 
present  a complex  and  somewhat  confusing  configuration  of 
multiple  nets  that  create  the  appearance  of  having  grown  at 
random.  Actually,  the  networks  were  developed  over  a period 
of  years  in  response  to  rapidly  increasing-  demand,  thus  pro- 
viding little  opportunity  for  consolidation.  Two  of  these 
networks  are  the  subject  of  this  study:  AFTN  and  Service  B. 

The  NADIN  concept  is  a result  of  FAA  efforts  to  consolidate 
planning,  operation,  and  control  of  data  communication  systems 
in  order  to  meet  the  challenge  of  rapidly  increasing  demand 
in  an  effective  way.  The  international  message  transfer 
networks  have  also  been  recognized  as  increasing  in  complexity 
while  decreasing  in  efficiency;  consequently,  the  International 
Civil  Aviation  Organization  (ICAO)  is  developing  the  concept 
of  a Common  ICAO  Data  Interchange  Network  (CIDIN) . In  this 
section,  each  of  these  systems  and  concepts  is  briefly 
described  and  related  to  the  others. 

1.2.1  Service  B Network 

The  Service  B system  is  a common  user  low  speed 
teletypewriter  network  used  primarily  for  the  transfer  of  the 
major  share  of  flight  planning  information.  It  also  serves 
a variety  of  other  functional  needs.  The  network  is  composed 
of  several  sub-networks  described  in  terms  of  the  circuits 
in  the  subnets.  The  subnets  and  circuits  are  categorized 
below: 
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Area  B Subnetwork 

Area  B Circuits 
Supplemental  Circuits 

Utility  B Subnetwork 

Air  Carrier  Circuits 
Military  Circuits 

Center  B Subnetwork 

Center  B Circuits 

Computer  B Subnetwork 

Computer  B Low  Speed  Circuits 
Computer  B High  Speed  Circuits 

The  most  common  circuit  in  Service  B is  a 75  bps 
(100  wpm)  multipoint  line  connecting  Model  28  teletypewriter 
terminals.  Although  the  circuits  have  a common  line  protocol, 
they  may  serve  different  functional  needs.  It  is  on  the  basis 
of  these  differences  that  the  above  categories  are  formed. 

The  Area  B subnetwork  forms  the  backbone  of  the 
Service  B System  with  the  primary  mission  of  exchanging  flight 
planning  messages  between  domestic  air  traffic  facilities  of 
the  FAA . The  network  is  also  used  to  transfer  administra- 
tive and  other  types  of  messages  on  a time-available  and  pre- 
cedence basis.  The  Service  B network,  serving  approximately 
500  FAA  facilities,  consists  of  approximately  36  multipoint 
send/receive  (S/R)  75  bps  circuits  interconnected  by  a 750  bps 
high  speed  circuit,  and  approximately  4 receive  only  (R/0) 
multipoint  75  bps  circuits  similarly  attached  to  the  750  bps 
high  speed  circuit  to  relieve  the  heavy  traffic  load  on  the 
S/R  circuits.  The  basic  S/R  circuits  are  called  Area  B cir- 
cuits, and  the  R/O  circuits  are  called  supplemental  circuits. 
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The  Utility  B subnet  is  used  to  transfer  mili- 
tary and  commercial  carrier  IFR  flight  plans  to  the  center 
responsible  for  the  area  in  which  the  flight  originates. 

The  circuits  in  the  subnet  are  75  bps  (100  wpm)  half-duplex 
facilities.  They  are  intended  to  provide  stations  which  have 
frequent  daily  insertions  of  IFR  flight  plans  a direct  con- 
nection to  the  responsible  NAS  9020  computer. 

The  Center  B network  is  primarily  used  for  the 
exchange  of  flight  movement  and  control  messages  normally 
related  to  IFR  flights  between  the  areas  controlled  by  the 
conterminous  ARTCCs  and  the  Systems  Command  Center-Airport 
Reservations  Office  (SCC-ARO) . Serving  all  ARTCCs  and  the 
SCC-ARO  the  Center  B subnet  is  composed  of  five  (100  wpm) 
circuits,  interconnected  through  the  DS  714  AFTN  switch 
at  NATCOM  in  Kansas  City. 

The  Computer  B network  is  composed  of  low  speed 
and  medium  speed  circuits  interconnecting  all  the  NAS  9020 
computers  on  a point-to-point  basis.  The  network  is  intended 
only  for  computer-computer  communications,  is  not  part  of  the 
common  user  message  transfer  system,  and  is  not  included  in 
the  scope  of  this  study. 

1.2.2  Aeronautical  Fixed  Telecommunications  Network 

The  Aeronautical  Fixed  Telecommunications  Net- 
work (AFTN)  is  a world  wide  teletypewriter  communications  sys- 
tem intended  primarily  for  the  exchange  of  messages  concerning 
the  safety  of  air  navigation  and  regular,  efficient,  economi- 
cal operation  of  international  air  services.  The  aFTN  pro- 
vides communications  service  for  international  aircraft  move- 
ments, administrative  messages,  and  meteorological  data  be- 
tween the  U.  S.  and  ICAO  nations.  The  present  portion  of  AFTN 
for  which  FAA  has  responsibilities  is  divided  into  two  major 
areas,-  the  North  Atlantic  and  Caribbean  Area  and  the  Alaskan 
and  Pacific  Area;  each  being  quite  different  in  organization . 
The  Alaskan  and  Pacific  Area  is  served  by  multiple  switchinc 
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centers  at  nchorage  and  Honolulu.  These  centers  operate 
in  a fully  automatic  mode.  In  1970,  the  FAA  replaced  the 
manual  switching  centers  associated  with  the  North  Atlantic 
and  Caribbean  Area  by  an  automated  central  distribution 
center  at  Kansas  City,  Missouri.  Its  function  is  the  relay 
of  international  meteorological  and  aeronautical  traffic 
which  was  originally  performed  at  each  of  four  locations: 

New  York,  Miami,  San  Juan,  and  Balboa.  These  four  locations 
have  now  become  hubs  which  feed  the  Kansas  City  center. 

The  Honolulu  IATSC  has  been  converted  to  the  same  type  of 
hubbed  operation  as  Kansas  city. 

The  most  common  terminal  in  the  AFTN  network  is 
the  Model  28  teletypewriter.  There  is  a large  number  of 
both  point-to-point  circuits  and  multipoint  circuits. 


1.2.3 


National  Airspace  Data  Interchange  Network 


The  NADIN  concept  is  aimed  at  meeting  the  new 
and  evolving  communications  requirements  of  the  upgraded  third 
generation  National  Airspace  System  (NAS) . Included  within 
the  concept  are  the  data  transfer  communication  requirements 
for  central  flow  control,  modernized  Flight  Service  Stations 
(FSS) , and  those  elements  of  the  terminal  and  enroute  NAS 
dealing  with  ground-to-ground  transfer  of  digital  data.  The 
NADIN  is  a conceptual  framework  for  integrated  data  communi- 
cations in  FAA.  The  integration  is  on  the  levels  of  planning, 
operation,  and  control.  It  does  not  preclude  dedicated 
systems,  but  rather  denotes  a coherent  perspective.  A natural 
result  of  such  integration  is  an  awareness  of  where  facilities 
may  be  effectively  shared  and  the  ability  to  institute  such 
sharing.  This  study,  with  its  proposed  common  network 
architecture  for  AFTN  and  Service  B,  is  a step  toward  such 
integration. 
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• • • Common  TCAO  Data  Interchange  Network 

The  CIDIN  concept  is  that  of  a high  level,  packet 
switching,  internati  nal  network  serving  the  exchange  of 
flight  related  messages  between  the  1CAC  member  states.  Stan- 
dards and  Recommended  Practices  (SAP.PS)  for  CIDIN  are  cur- 
rently being  developed  by  the  Automatic  Data  Interchange 
Systems  ADIS)  Panel  of  ICAO.  Major  message  switching  cen- 
ters in  the  NADIN  are  envisioned  ns  functionrng  also  as  the 
CIDIN  centers  operated  by  the  United  States.  The  interrela- 
tion of  the  systems  and  concepts  described  above  is  shown  in 
Figure  Iri.  As  portrayed  in  the  figure,  the  result  of  this 
study  is  a proposed  network  architecture  that  satisfies  the 
basic  objectives  for  improving  AFTN  and  Ser  ice  B,  and  will 
serve  well  as  a kernel  for  further  NADIN  development.  The 
architecture  is  referred  to  in  this  report  as  NADIN. 

1 . 3 STUDY  STRUCTURE 

The  goal  for  this  study  has  been  to  develop  a net- 
work architecture  to  satisfy  FAA  message  transfer  requirements 
(throughput,  delay,  reliability,  economics)  as  defined  by  pro- 
jected Service  B and  AFTN  demands.  Pursuit  of  the  goal  was 
guided  by  the  objectives  of: 

Continuous  operation  transitions. 

Consistency  with  the  NADIN  concepts, 

Economic  evolution  from  the  existing  system 
to  eventual  system, 

Consistency  with  CIDIN. 

The  structure  of  the  study  was  first  to  determine  the  opera- 
tional requirements  for  the  AFTN  and  Service  B networks,  then 
appraise  the  feasibility  of  satisfying  these  requirements  with 
a common  network  architecture,  and  finally  to  develop  a recom- 
mended architecture. 

\ 
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In  Section  2 of  this  report,  the  operational  re- 
quirements are  briefly  reviewed,  and  in  Section  3 a brief  dis- 
cussion is  given  of  the  feasibility  considerations.  In  Sec-- 
tions  4,5,  and  6 the  process  of  developing  a NADIN  architec- 
ture is  presented;  in  Section  7 the  conclusions  of  the  study 
are  presented;  and  in  Section  8 recommendations  and  design 
considerations  are  presented.  The  basic  sections  of  the  re- 
port are  written  in  brief  form,  and  the  detailed  supporting 
analysis  and  discussion  is  found  in  the  Appendices. 


SECTION  2 


OPERATIONAL  REQUIREMENTS 


2.1  PRESENT  SITUATION 

The  design  and  engineering  of  a telecommunications 
network  is  dependent  upon  the  form  of  the  information  to  be 
carried,  the  desired  distribution  of  the  information,  and  the 
desired  speed  of  information  transfer.  The  AFTN  and  Service 
B network  (except  for  the  Computer  B subnetwork  not  considered 
in  this  study)  share  many  fundamental  operational  requirements. 
These  common  requirements  are  listed  below: 

a.  The  traffic  is  basically  non-conversational 
i.e.  immediate  reply  is  not  a requirement  of  the 
majority  of  messages. 

b.  The  traffic  has  multi-addressed  messages 
requiring  simultaneous  action. 

c.  A proportion  of  the  messages  is  concerned 
with  aircraft  operations  but  not  in  the  main  with 
aircraft  which  are  active  in  the  ATC  system  or  in 
flight.  For  this  reason  the  end-to-end  delivery 
times  required  are  of  the  order  of  minutes  rather 
than  seconds. 

d.  The  traffic  content  and  precedence  vary  widely. 

e.  The  traffic  is  offered  on  a random  basis. 

f The  traffic  includes  a proportion  of  messages 

in  plain  language  in  which  errors  are  self-evident. 

g.  Almost  all  of  the  textual  information  conveyed 

is  manually  interpreted  by  the  recipient;  presentation 
is  therefore  geared  to  slow  speed  printers. 
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These  requirements  have  been  met  by  the  AFTN  and 
Service  B networks  which  share  the  following  network  charac- 
teristics: 

a.  They  are  common  user  networks. 

b.  Access  to  the  networks  is  random  and 
traffic  loads  therefore  vary  widely  with  time. 

c.  They  are  message  relay  networks  in  which 
the  addressing  instructions  are  contained  within 
the  message. 

d.  The  networks  are  composed  primarily  of 
low  speed  telegraph  channels  operating  at  100 
words  per  minute. 

e.  The  code  used  in  each  network  is  the 
International  Telegraph  Alphabet  No.  2 (Baudot) . 

f.  There  is  no  widespread  employment  of 
error  detection  and  correction  in  either  network. 

The  fundamental  similarities  of  the  networks  as 
described  above  appear  to  make  integration  quite  attractive. 
However,  the  networks  also  have  significant  differences.  These 
are  listed  below: 

a.  The  AFTN  network  handles  messages  primarily  rela- 
ted to  international  flight  activity,  whereas  the  Service 
B network  handles  messages  primarily  related  to  domestic 
flight  activity. 

b.  The  AFTN  network  uses  seven  precedence  levels, 
whereas  the  Service  B network  uses  five  precedence  levels. 

c.  The  message  formats  used  in  the  two  networks 
are  different. 
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d.  The  geographical  dispersion  of  AFTN  terminals 
includes  the  Pacific,  Alaska,  and  Caribbean  regions,  as 
well  as  the  conterminous  United  States  (CONUS) , whereas 
Service  B terminals  are  all  located  within  the  CONUS. 

e.  The  message  format  and  the  device  control  pro- 
cedures for  the  two  networks  are  different. 

f.  Although  both  networks  use  Model  28  teletype 
terminals,  the  terminals  are  currently  configured 
for  different  operating  procedures  and  consequently 
AFTN  terminals  and  Service  B terminals  cannot  now  be 
placed  on  a common  circuit. 

The  operational  requirements  for  an  integrated  net- 
work must  include  support  of  these  differences  until  adminis- 
trative decisions  and  equipment  transitions  lead  smoothly  to 
their  resolution. 

2.2  PROJECTED  REQUIREMENTS 

There  is  reason  to  believe  that  there  exists  con- 
siderable demand  for  additional  access  to  a common  user  sys- 
tem within  FAA . Flight  Service  Stations  now  accept  over  the 
phone  many  messages  from  various  FAA  administrative  facilities. 
It  is  reasonable  to  assume  that  some  administration  facili- 
ties could  effectively  use  direct  access  to  a common  user  sys- 
tem. Generally  we  believe  that  because  the  present  systems 
are  overloaded  demand  has  been  inhibited  and  the  availability 
of  a new  modernized  system  will  reveal  hitherto  suppressed 
requirements.  We  discuss  this  further  below. 

Future  demand  for  an  existing  service  can  be  es- 
timated fairly  well  based  on  operating  experience.  However, 
an  improvement  in  service  will  usually  generate  new  demand. 

For  example,  prior  to  the  introduction  of  computer  operated 
store-and-f orward  message  switching,  many  manual  tape  relay 
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networks  exhibited  a stabilized  growth  curve.  When  computer 
message  switches  were  introduced  in  these  networks  (usually 
for  economic  reasons) , they  were  sized  based  on  handling  exis- 
ting traffic  with  a modest  growth  capability  determined  by 
existing  trends.  However,  in  most  of  these  systems,  the 
traffic  took  a step-function  increase  considerably  above  exis- 
ting levels.  This  happened  because  the  improved  speed  of  de- 
livery offered  by  the  network  stimulated  demand.  This  pheno- 
menon has  been  readily  observed  following  other  well-known 
service  improvements,  e.g.,  overseas  radio- telephone  and  ca- 
bles, direct  distance  dialing,  and  communications  satellites. 

Demand  for  entirely  new  services  is  even  more 
difficult  to  estimate  because  potential  users  are  notoriously 
unreliable  in  predicting  their  own  needs  and  usage  for  a new 
service,  mostly,  it  seems,  because  they  cannot  visualize  doing 
their  business  in  a new  way.  Innovation  in  telecommunica- 
tions has  almost  always  come  from  the  supplier  and  not  the 
customer.  It  takes  someone  with  knowledge  of  technological 


feasibilities  to  determine  appropriate  new  services.  This 
expertise  has  traditionally  been  found  in  the  supplier  who 
is  also  eager  to  market  his  service  or  equipment. 

Because  demand  is  difficult  to  predict,  communi- 
cation system  planners  have  always  found  it  necessary  to  de- 
sign open-ended  systems,  that  is  to  say,  systems  that  are  de- 
signed to  allow  expansion  and  growth. 

In  this  study,  use  has  been  made  of  existing  stu- 
dies characterizing  the  present  system  and  its  growth  require- 
ments. This  existing  work  is  primarily  contained  in  MITRE 
Corporation  Reports  MTR  4158  and  MTR  1673.  Appendix  C pre- 
sents the  detailed  traffic  analysis  that  has  led  to  the  re- 
quirements used  in  this  study. 
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We  determined  to  our  satisfaction  that  the  rela- 
tive growth  predicted  for  traffic  by  station  is  a good  basis 
for  system  planning.  However,  we  offer  an  almost  certain  dic- 
tum for  systems  planning:  absolute  traffic  projections  will 

almost  always  be  wrong.  The  reasons  for  this  are  many,  but 
the  most  important  is  the  phenomenon  of  new  service  awareness 
as  discussed  above. 

The  proper  design  strategy  for  large  scale  common 
user  systems  is  to  incorporate  as  a major  design  criterion 
the  ability  to  expand  network  size  economically. 

Thus,  we  know  from  experience  in  planning  many 
such  networks  that  detailed  knowledge  of  traffic  flows  at  a 
message-by-message  level  is  unnecessary.  If  such  knowledge 
is  necessary  for  a postulated  design,  then  it  is  almost  a cer- 
tainty that  the  design  is  improper  and  the  resulting  network 
inadequate;  it  will  never  be  able  to  survive  the  uncertainties 
of  actual  traffic  flow  in  the  real  world  of  a dynamic  network. 

2.3  OPERATIONAL  OBJECTIVES 

It  is  clear  that  the  FAA  has  a continuing  require- 
ment for  a generalized  common-user  record  communications  faci- 
lity whose  basic  operational  requirements  stem  from  current 
needs.  A modernized  system  to  meet  those  needs  must  have  the 
capability  to  grow  in  an  economical  fashion  and  to  utilize 
technological  improvements  that  lower  costs  and  improve  ser- 
vice in  an  acceptable  cost-beneficial  manner. 

The  long  term  objective  is  a common  user  network 
in  which  operator  procedures,  message  formats,  and  priorities 
are  consistent  within  classes  and  in  which  terminals  within 
classes  are  consistent  in  operation  to  the  point  of  being  able 
to  share  circuits.  It  is  recognized  that  a single  terminal 
class  designed  to  meet  the  requirements  of  all  users  may  not 
be  cost  effective.  However,  the  introduction  of  different 
types  of  terminals  that  form  inconsistent  classes  should  occur 
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only  after  a deliberate  decision  based  on  consideration  of 
the  technical,  operational,  and  economic  factors  involved.  A 
variety  of  terminal  classes  mast  not  occur  by  default.  How- 
ever, the  short  term  objective  must  include  support  of  the 
existing  differences  with  continuous  operational  transitions. 
Thus,  to  develop  a network  architecture  that  satisfies  the 
short  term  objectives  and  permits  eventual  satisfaction  of  the 
long  term  objectives,  the  following  operational  objectives  are 
used  as  guidelines: 

Cost  effective  improvement  of  the  existing 
services , 

Continuous  operational  transitions, 

Basic  architectural  consistency  with 
the  NADIN  concept. 

Operational  consistency  with  CIDIN  guide- 
lines where  appropriate, 

Economic  evolution  from  the  existing 
system  to  the  eventual  system. 
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SECTION  3 

FEASIBILITY  APPRAISAL 


3.1  TECHNICAL  FEASIBILITY 

Two  major  questions  of  technical  feasibility  were 

considered : 

a.  Is  the  technology  available  for  a network  ar- 
chitecture that  will  achieve  cost-ef  f.ective  improve- 
ment of  Service  B and  AFTN  through  the  use  of  common  fa- 
cilities? 

b.  Is  the  technology  available  for  a network  ar- 
chitecture which  will  not  only  achieve  cost-effec- 
tive improvement  of  Service  B and  AFTN  through  the  use  of 
common  facilities,  but  which  will  also  allow  smooth 
evolution  into  a common  user  network  that  will  serve 
well  as  a kernel  for  NADIN  development? 

The  first  question  deals  with  a limited  scope  ob- 
jective of  satisfying  the  immediate  requirements  of  improving 
the  existing  services;  the  second  question  deals  with  a broad 
scope  objective  of  not  only  satisfying  the  immediate  require- 
ments, but  satisfying  them  in  such  a way  as  to  permit  satis- 
fying the  long  term  objectives.  The  answer  to  both  questions 
is  affirmative. 

The  rapid  advances  in  the  technology  of  multi- 
plexers, concentrators,  and  message  switching  computers  have 
brought  an  available  level  of  technology  that  clearly  indi- 
cates technical  feasibility  of  cost  effective  architectures  for 
message  switching  networks  satisfying  the  general  FAA  require- 
ments. Several  networks  satisfying  similar  requirements  for 
other  organizations  are  currently  in  existence.  The  opera- 


r ^ 

feasibility  of  reducing  current  operating  costs  by  sharing 
leased  lines.  The  software  flexibility  of  concentrators  and 
message  switching  computers  makes  it  feasible  for  the  existing 
services,  with  their  incompatible  differences,  to  share  these 
facilities  permitting  possibly  greater  cost  reductions.  It 
is,  in  fact,  the  flexibility  and  efficiency  of  the  software 
approach  to  concentrators  and  message  switching  computers 
that  permits  an  affirmative  answer  to  the  second  question. 

In  a previous  study,  reported  in  DOT/FAWA2707 , * 

Network  Analysis  Corporation  and  Telcom  presented  a network 
architecture  for  modernizing  Service  B that  satisfied  the  ba- 
sic objectives  of  cost  effective  improvement  in  service,  and 
flexibility  in  vertical  growth  to  satisfy  growing  service 
demands  and  horizontal  growth  to  satisfy  a broadening  scope  \ 

of  services.  The  architecture  used  mini  computer  concentra- 
tors and  switches  to  establish  a backbone  network  for  data 
communications.  The  capability  of  this  architecture  to  satis- 
fy the  combined  requirements  of  AFTN  and  Service  B depends  on 
the  level  of  throughput  it  can  support  and  the  potential  of 
the  concentrators  servicing  the  operationally  incompatible 
terminal  sets.  The  referenced  study  indicated  more  than 
enough  potential  throughput  capacity,  while  the  software 
flexibility  of  the  concentrators  ensured  feasibility  of  serving 
the  distinct  terminal  sets.  Thus,  this  architecture  represents 
one  feasible  alternative  for  satisfying  the  broad  objectives 
raised  in  the  second  question  of  feasibility. 

With  the  feasibility  of  satisfying  the  overall  ob- 
jectives for  integrating  AFTN  and  Service  B with  available 
technology  identified  as  affirmative,  it  remains  to  develop  the 
most  approporate  architecture  for  the  integrated  network. 

The  remaining  sections  of  this  report  present  this  development. 


3.2 


ADMINISTRATIVE  FEASIBILITY 


The  network  architecture  presented  in  this  report 
for  the  integration  of  AFTN  and  Service  B has  the  potential  • 
for  evolving  to  satisfy  the  long  range  objectives  identified 
in  the  NADIN  concept.  Implementation  of  the  network  will  satis- 
fy the  short  term  objectives.  However,  satisfaction  of  the 
long  term  objectives  will  require  an  affirmative  action  pro- 
gram on  the  part  of  FAA  administration  to  evolve  operational 
consistency  and  integrated  planning,  operation,  and  control. 
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SECTION  4 


ARCHITECTURE  ALTERNATIVES  AND  EVALUATION  CRITERIA 

4.1  EVALUATION  CRITERIA 

There  are  several  network  architectures  that  may 
be  considered  for  NADIN  I.  The  selection  of  an  appropriate 
architecture  must  be  based  on  evaluation  of  the  alternatives 
according  to  many  criteria,  including: 

Performance, 

Cost, 

Reliability, 

Growth, 

Consistency  with  objectives  for  NADIN. 

These  criteria  are  used  in  the  evaluations  made  in  this  report 
as  they  are  the  ones  that  can  be  appraised  on  a technical  ba- 
sis. The  criteria  are  briefly  discussed  below.  However,  it 
should  be  noted  that  FAA  must  make  its  own  evaluation  based 
not  only  on  the  above  criteria,  but  on  other  criteria  outside 
the  scope  of  a technical  appraisal.  These  include  location 
problems,  personnel  difficulties,  administrative  requirements, 
etc . 

4.1.1  Performance 

For  a network  such  as  envisioned  here,  "perfor- 
mance" is  usually  defined  in  terms  of  the  time  it  takes  a 
message  to  traverse  the  network  from  entry  to  exit  (which 
will  be  called  traversal  time)  and  the  traffic  level  the  net- 
work experiences  (which  is  called  the  throughput) . These 
two  attributes  of  a network  are  interrelated,  and  performance 


is  usually  characterized  by  the  average  traversal  time  as  a 
function  of  the  throughput. 

In  general,  network  design  is  oriented  towards 
achieving  an  "acceptable  performance"  specified  as  an  average 
traversal  time  for  a given  throughput.  However,  in  NADIN, 
many  of  the  physical  aspects  of  the  network  affecting  the  per- 
formance are  fixed  (i.e..  Model  28  teletypes).  Without  know- 


ing the  impact  of  this  limitation  it  is  very  difficult  and 
even  dangerous  to  specify  a priori  a required  performance  for 
the  network  design.  An  appropriate  alternative  is  to  investi- 
gate the  factors  that  will  contribute  to  the  traversal  time 
in  terms  of  the  given  equipment  constraints  and,  on  the  basis 
of  this  investigation,  develop  design  constraints  and  require- 
ments that  are  consistent  with  the  overall  network  objectives 
and  good  engineering.  It  is  this  course  which  has  been  taken 
here.  Following  this  approach,  the  designs  considered  have 
been  evaluated  on  the  basis  of  their  basic  throughput  capa- 
city, while  not  exceeding  traversal  delays  achievable  by  good 
engineering , but  subject  to  existing  equipment  constraints.  In 
all  cases  considered,  the  alternative  designs  were  calculated 
to  have  acceptable  delays  in  terms  of  the  operational  require- 
ments outlined  previously. 

4.1.2  Cost 

The  cost  of  the  network  designs  may  be  viewed  as 
composed  of  three  basic  components: 

Leased  lines  cost, 

Transmission  equipment  cost. 

Intelligence  cost. 

The  leased  lines  cost  is  simply  the  monthly  charge  for  use  of 
the  teletype  and  voice  grade  lines  employed  in  a design.  The 


transmission  equipment  cost  includes  the  multiplexers  and  mo- 
dems required  to  realize  the  designs.  The  intelligence  cost 
includes  the  cost  of  concentrators  and  message  switching  com- 
puters. The  concentrators  are  included  in  this  component  ra*- 
ther  than  as  part  of  the  transmission  equipment  because  of  the 
direct  impact  they  have  on  the  characteristics  of  the  central 
switch  required.  The  intelligence  cost  includes  both  hard- 
ware and  software  cost  based  on  turnkey  implementation. 

In  all  cases,  the  resultant  cost  for  a design  is 
expressed  as  a monthly  charge  based  on  a 10-year  amortization 
schedule  at  10%.  This  permits  an  easy  comparison  of  the  al- 
ternatives . 

4.1.3  Reliability 

The  reliability  of  a data  communications  network 
such  as  NADIN  I may  be  characterized  in  a great  many  ways.  It 
is  dependent  on  two  fundamentally  distinct  factors:  the  hard- 

ware component  reliability  and  the  structural  properties  of 
the  network.  The  vendors  of  hardware  have  historically  been 
conscious  of  the  reliability  aspects  of  their  products  (al- 
though not  always  concerned).  Unfortunately,  many  networks 
are  being  designed  today  with  little  consciousness  on  the  part 
of  the  designer  of  the  reliability  impact  of  the  network 
structure.  The  three  measures  of  reliability  used  in  this 
study  reflect  both  the  reliability  aspects  of  the  network 
structure  and  the  reliability  impact  of  equipment  failures. 

The  three  measures  of  reliability  are: 

FNP  - The  fraction  of  node  pairs  that  can 
communicate , 

FNC  - The  fraction  of  nodes  that  can  commu- 
nicate with  a central  switch, 

WTD  - The  worst-case  probability  that  a ter- 
minal will  be  disconnected  from  a switch. 
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The  FNP  measures  the  general  reliability  of  the 
network,  whereas  the  WTD  measures  the  worst-case  reliability 
that  may  result  from  the  design.  The  FNC  measures  the  relia- 
bility in  terms  of  the  users'  capability  to  communicate  with  an 
intelligent  center,  at  which  network  status  messages  and  other 
general  administrative  messages  are  generated  and  received. 

These  three  measures  were  chosen  over  other  reliability 
measures  as  these  three  are  most  indicative  of  the  disruption 
of  service  brought  about  by  random  failures  of  components 
within  the  system. 

4.1.4  Growth 

The  term,  growth,  is  interpreted  as  having  both  a 
vertical  and  a horizontal  component  in  the  network.  Verti- 
cal growth  is  the  ability  to  handle  more  terminals  and  heavier 
traffic.  Horizontal  growth  is  the  ability  to  handle  a broader 
variety  of  service  requirements.  The  vertical  growth  poten- 
tial is  easily  measured  as  the  basic  throughput  capacity  of 
the  system,  subject  to  delay  constraints.  The  horizontal 
growth  potential  is  not  easily  measured  and  consequently  is 
appraised  in  more  qualitative  terms. 

4.1.5  Consistency  With  Objectives  For  NADIN 

The  network  designs  are  also  appraised  in  terms 

of  their  consistency  with  the  basic  objectives  of  the  NADIN 
concept.  In  particular,  they  are  appraised  in  terms  of  their 
potential  for  serving  as  a kernel  for  development  into  a basic 
integrated  common  user  network  in  a cost-effective  manner. 

4.2  CONCLUSIONS  OF  PREVIOUS  STUDY  AND  THEIR  VALIDITY 

A previous  study  referred  to  above  was  conducted 

by  Telcom  and  Network  Analysis  Corporation  to  "synthesize  re- 
quirements, technology,  and  analysis  to  recommend  the  most 
viable  technical  development  strategy  for  modernizing  Service  B" 
(DOT/E AWA2 70 7 ) . Several  conclusions  were  drawn  in  the  study 
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which  bear  directly  on  the  subject  of  this  study.  In  this 
section,  these  conclusions  are  reviewed  and  their  validity  with 
respect  to  an  integrated  AFTN  and  Service  B network  are  examined. 


4.2.1  Number  of  Switching  Centers 

The  previous  study  examined  several  different  ar- 
chitectures for  a modernized  Service  B network,  evaluating 
each  in  terms  of  the  basic  criteria  presented  above.  The  num- 
ber of  switching  centers  considered  for  the  new  network  was 
varied  from  one  to  ten.  It  was  found  that  neither  line  cost 
nor  reliability  was  significantly  affected  by  the  number  of 
centers,  except  that  more  than  one  center  was  necessary  to 
ensure  reliability  in  the  event  of  catastrophic  disasters  eli- 
minating a center.  Thus,  because  of  the  expense  of  centers, 
the  recommended  architecture  was  based  on  two  geographically 
dispersed  centers. 

For  the  early  phases  of  the  portion  of  NADIN  located 
in  the  CONUS,  this  conclusion  appears  quite  valid  also.  The 
number  of  AFTN  terminals  in  this  region  is  small  in  com- 
parison to  the  number  of  Service  B terminals  and  does  not 
appear  to  impact  the  basic  conclusion.  Thus  only  architec- 
tures of  two  geographically  dispersed  switching  centers  for  the 
CONUS  portion  of  NADIN  are  considered  in  this  study. 

4.2.2  Line  Mix 

The  previous  study  examined  three  possible  line 
configurations:  all  teletype,  all  voice  grade,  and  a mixture 

based  on  traffic.  The  last  was  found  favorable  in  all  respects. 
The  validity  of  this  conclusion  for  NADIN  appears  clear  and 
is  the  only  alternative  considered  in  the  design  study. 


4.2.3  Multiplexers  and  Concentrators 

The  previous  study  examined  the  trade-off  between 
multiplexers  and  concentrators  and  concluded  that  designs  with 
either  were  uniformly  better  than  designs  with  neither. 
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Concentrators  gave  designs  of  basically  the  same  cost  as 
multiplexers,  but  achieved  considerably  better  growth  poten- 
tial with  much  less  sensitivity  to  possible  chance  in  traffic 
characteristics.  This  conclusion  has  been  reviewed  in  this 
study  and  found  to  be  quite  valid  for  NADIN.  It  is  reinforced 
by  the  objective  of  NADIN  to  establish  a kernel  for  further 
development  as  a common  user  network.  The  utilization  of 
concentrators  provides  a cost-effective  means  of  evolving 
an  increasing  capacity  and  broadening  of  scope.  The  use  of 
multiplexers  is  much  less  flexible. 

4.2.4  Reliability 

A basic  insight  provided  in  the  previous  study  was 
that  concentration  devices  tend  to  improve  network  reliability 
characteristics  by  reducing  the  average  number  of  links  mes- 
sages must  traverse  to  reach  a switching  center,  even  when 
the  concentration  devices  themselves  are  less  reliable  than 
the  links.  This  conclusion  reinforces  the  basic  conclusion 
favoring  designs  with  concentration  devices  over  designs 
without  concentration  devices. 

4.3  ARCHITECTURE  VARIABLES 

The  results  of  the  previous  study  give  considerable 
justification  for  an  architectural  strategy  of  two  major 
switching  centers  in  the  CONUS  and  the  use  of  concentrators . 
However,  it  left  for  subsequent  development  a network  design 
for  the  extended  system  which  verifies  these  conclusions  and 
which  also  appropriately  answers  several  additional  questions, 
. ncluding: 

Where  should  the  switching  centers  be  located? 

Where  should  the  concentrators  be  located? 


Should  there  be  switching  centers,  concentrators , 
or  multiplexers  in  the  Alaska  and  Hawaii  regions? 

What  is  the  cost  of  a network  resulting  from  the 
integration  of  Service  B and  AFTN? 

The  answers  to  these  questions  as  well  as  an 
appropriate  design  for  NADIN  are  developed  in  the  next  two 
sections . 
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SECTION  5 


DESIGN  CONSIDERATIONS 


5.1  SYSTEM  CONSTRAINTS 

The  initial  phase  of  the  NADIN  is  to  be  a common 
user  network  serving  the  FAA  data  communication  requirements 
currently  being  served  by  the  Service  B and  AFTN  networks. 
Because  these  existing  networks  are  well  established,  opera- 
tional, highly  utilized,  and  represent  a significant  investment 
in  dollars  and  human  resources  for  operation;  their  upgrading 
and  integration  as  the  initial  phase  of  NADIN  must  be  done  as 
efficiently  as  possible.  This  not  only  must  encompass  a smooth 
evolution  of  operational  procedures  and  hardware  transitions, 
but  must  also  be  done  in  a manner  consistent  with  the  basic  ob- 
jectives for  NADIN.  This  implies  a guiding  principle  of  using 
existing  facilities  and  operating  procedures  where  such  usage 
does  not  impair  achievement  of  the  communication  requirements. 
In  this  study,  several  constraints  for  NADIN  designs  have  been 
developed  on  the  basis  of  the  above  guiding  principle  and  the 
following  observations: 

The  equipment  characteristics  and  operating 
procedures  for  terminals  in  the  existing  net- 
works are  not  uniform,  prohibiting  indiscri- 
minate placement  of  terminals  on  multidrop 
circuits . 

New  terminals  operationally  consistent  with 
ANSI  standards  and  with  each  other  will  re- 
place the  older  terminals  as  either  traffic 
or  operational  considerations  require 
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The  constraints  have  been  determined  by  dividing 
the  terminals  into  categories,  such  that  all  terminals  in  any 
particular  category  will  be  compatible  to  the  point  of  being' 
able  to  be  placed  on  a common  multidrop  circuit,  but  terminals 
in  different  categories  cannot  share  a circuit.  The  basis  for 
division  includes  physical  characteristics  of  the  terminals, 
compatibility  of  operating  procedures,  and  administrative  pol- 
icies . 

NADIN  is  to  provide  an  integrated  telecommunications 
service  to  locations  distributed  in  four  major  regions: 

CONUS 

Alaska 

Pacific 

Caribbean 

In  order  to  use  existing  equipment  within  each  region,  twelve 
categories  of  terminals  have  been  defined  that  permit  design 
based  on  existing  facilities  and  operational  restrictions. 

The  development  of  these  categories  is  detailed  in  Appendix 
A.  For  locations  requiring  terminals  other  than  those  currently 
available,  a medium  speed,  ANSI-consistent  terminal  is  assumed. 
The  twelve  basic  categories  are  summarized  below: 

CONUS 

1.  All  Area  B,  Supplemental  B,  and  Center  B 
locations . 

2.  All  Military  Air  Base  Operations  Offices 
(BASOPs)  currently  served  by  Service  B circuits. 

3.  All  airline  locations  currently  served  by 
Service  B circuits. 

4.  All  AFTN  terminals. 
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• kASKA 

5.  Alaska  outlying  locations. 

6.  Anchorage  non-airline  locations. 

7.  Anchorage  airline  locations. 

PACIFIC 

3.  Hawaiian  Island  non-airline  locations. 

9.  Honolulu  airline  locations. 

10.  Pacific  outlying  locations. 

CARIBBEAN 

11.  Caribbean  non-airline  locations. 

12.  Caribbean  airline  locations. 

A listing  of  all  locations  in  each  category  is  contained  in 
A,  pendix  H. 

5.2  TOPOLOGICAL  CONSTRAINTS 

As  part  of  the  NADIN  design  process  various  topo- 
logies of  circuits  interconnecting  terminals,  concentration 
facilities  (CFs) , and  switching  centers  (SCs)  are  evolved. 
There  are  many  constraints  on  the  topologies  resulting 
from  traffic,  performance,  and  reliability  considerations. 
However,  there  are  also  many  practical  considerations  on  the 
feasibility  of  obtaining  circuits  that  also  lead  to  con- 
straints on  the  topologies.  Furthermore,  there  are  pract*  ..i 
considerations  which  also  simplify  the  topological  design  r 
cess.  In  this  section,  these  various  practical  onsidera 
and  their  impact  on  the  NADIN  topology  lesign  n>  ■ 
cussed . 


5.2.1 


Local  Constraints 


There  are  several  situations  in  which  terminals 
in  the  immediate  proximity  of  one  another  are  connected.  These 
situations  are  easily  divided  into  two  categories:  airline 

facilities  at  airports  and  terminals  collocated  with  a Con- 
centration Facility  (CF) . The  circuit  layout  for  such  termi- 
nals is  primarily  dictated  by  local  cost  considerations  and 
the  cost  of  connecting  circuits  to  a CF. 


5.2.2  Intraregion  Constraints 

In  order  to  determine  topological  constraints 
based  on  practical  considerations  of  obtaining  circuits,  it  is 
appropriate  to  examine  each  of  the  four  NADIN  regions  indi- 
vidually. Within  each  of  these  regions,  there  are  practical 
considerations  affecting  the  availability  of  circuits.  These 
considerations  are  discussed  in  detail  in  Appendix  B.  One 
optional  constraint  is  of  particular  interest,  the  possibility 
of  developing  circuits  on  an  ARTCC-region  basis.  This  con- 
straint reflects  administrative  considerations  of  the  FAA.  The 
following  statement  is  a formal  specification  of  the  constraints 
for  this  option,  which  will  be  called  the  ARTCC  constraint  op- 
tion. 

ARTCC  Constraint  Option 

1.  Every  ARTCC  is  to  have  a CF  of  some  form. 

2.  All  terminals  in  the  region  of  responsi- 
bility of  an  ARTCC  are  to  be  connected  to  the  CF 
at  the  ARTCC. 


This  option  will  differ  from  the  unconstrained  case  in  both 
cost  and  traffic  characteristics  for  the  high  level  side  of 
the  network.  These  differences  are  appraised  in  Section  6.  The 
locations  subject  to  this  constraint  are  listed  in  Appendix 
H on  a regional  basis. 
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5.2.3  Interregion  Constraints 

The  four  regions  of  NADIN  are  geographically  dis- 
joint. The  options  available  for  the  interconnection  of  these 
regions  are  determined  by  the  presence  of  existing  communica- 
tion facilities.  The  options  are  described  below. 

Pacific-Ala ska 

Cable  between  Honolulu  and  Anchorage 
Satellite  between  Honolulu  and  Anchorage 
Pacif ic-CONUS 

Cable  between  Honolulu  and  San  Francisco 
Cable  between  Honolulu  and  Los  Angeles 
Satellite  between  Honolulu  and  San  Francisco 
Alaska-CONUS 

LOS  microwave  combined  with  cable  from  An- 
chorage to  Seattle 

Satellite  between  Anchorage  and  Seattle 
LOS  microwave  between  Anchorage  and  Montana 
CONUS-Caribbean 

Cable  between  Miami  and  San  Juan 

Cable  and  microwave  facilities  are  to  be  preferred  over  satel- 
lites where  economics  permit  due  to  the  propagation  delay 
(about  250  ms  originator  to  destination)  in  satellite  systems. 

5.3  TRAFFIC  CONSIDERATIONS 

In  order  to  design  a cost  effective  network  with 
satisfactory  performance,  appropriate  traffic  information  des- 
cribing the  expected  load  for  the  network  is  required.  How- 
ever, it  should  be  emphasized  that  proper  network  design  does 
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not  result  from  tailoring  the  design  to  detailed  knowledge 
of  traffic  flows  at  a message-by-message  level.  Any  network 
designed  on  such  a basis  will  never  be  able  to  survive  the 
uncertainties  of  actual  traffic  flow  in  the  real  world  of  a 
dynamic  network.  Thus,  in  the  NADIN  design  process,  the  traf- 
fic projections  on  a per  station  basis  were  used  and 
the  resulting  designs  were  carefully  appraised  for  sensitivity 
to  traffic  variations  and  growth. 

i An  appropriate  traffic  portrait  for  use  in  design- 

ing networks  such  as  NADIN  includes  considerations  of  message 
length  distribution,  distribution  of  message  arrivals  at  ter- 
minals, the  rates  at  which  messages  arrive  at  the  terminals, 
and  the  source-destination  characteristics  of  the  messages. 

It  is  often  both  impossible  and  inappropriate  to  determine  and 
use  these  traffic  characteristics  in  detail.  As  noted  above, 
the  network  design  should  be  tolerant  with  respect  to  changes 
in  these  characteristics,  which  will  occur  as  the  system  evol- 
ves. However,  it  is  necessary  to  formulate  a reasonable,  con- 
servative portrait  of  the  traffic  characteristics  in  order  to 
determine  the  necessary  capacity  of  network  components.  In 
Appendix  C,  such  a portrait  is  fabricated.  Its  major  charac- 
teristics are  discussed  below. 

5.3.1  Message  Length  Distribution 

Terminals  in  the  NADIN  are  expected  to  handle  sev- 
eral different  categories  of  messages,  including  all  those  cur- 
rently handled  by  Service  B and  AFTN  terminals,  and  possibly 
some  new  categories. 

The  message  length  distributions  for  the  two  dif- 
ferent existing  systems  are  different,  due  to  differences  in 
both  format  and  content.  However,  current  administrative  pol- 
icies are  directed  at  making  the  basic  message  formats  consis- 
tent. Furthermore,  although  initially  the  existing  terminals 
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will  serve  primarily  in  their  present  roles,  the  evolving  inte- 
gration of  the  network  will  lead  to  terminals  serving  more  gen- 
eral functions.  With  these  considerations  in  mind  and  with  an 
objective  of  developing  a general  and  conservative  portrait,  it 
appears  that  a common  message  length  distribution  for  all  ter- 
minals is  appropriate.  To  develop  this  distribution,  consider- 
ation was  first  given  to  the  existing  networks,  then  to 
the  integrated  network. 

The  resulting  distribution  is  a biased  exponential 
having  an  average  message  length  of  110  characters,  with  a con- 
stant component  of  40  characters. 

5.3.2  Message  Arrival  Distribution 

The  arrival  pattern  of  messages  to  either  AFTN  or 
Service  B terminals  is  almost  impossible  to  determine  from  the 
measured  traffic  statistics.  However,  in  most  communication  sys 
terns  messages  arrive  randomly  and  independently.  These  are  the 
basic  attributes  of  a Poisson  process.  The  message  arrival 
distribution  is  primarily  of  interest  in  the  performance  ana- 
lysis of  the  multidrop  lines.  These  lines  are  shown  to  be  ap- 
propriately modeled  as  single  server  queues,  with  the  arrival 
pattern  to  each  queue  being  the  sum  of  the  arrivals  at  the  in- 
dividual terminals  on  the  line.  It  has  been  shown  in  many  ana- 
lyses for  such  queues  that,  if  there  are  several  inputs  to  the 
server, the  arrival  distribution  to  the  server  can  be  ap- 
proximated as  a Poisson  distribution  regardless  of  the  distri- 
bution types  of  the  individual  inputs.  Thus,  with  this  consi- 
deration and  the  preceding  one,  the  arrival  pattern  of  messages 
to  the  terminals  in  NADIN  was  modeled  as  Poisson. 

5.3.3  Message  Arrival  Rates 

A primary  requirement  for  the  NADIN  network  is  ac- 
ceptable response  time  under  the  traffic  loads  anticipated  for 
the  next  ten  years.  To  appraise  the  performance  of  network 


5-7 


designs  in  meeting  this  requirement,  it  is  first  necessary  to 
define  and  quantify  the  "acceptable  response  time"  and  "anti- 
cipated traffic  loads". 

With  a given  message  length  distribution  and  arri- 
val pattern,  the  load  may  be  defined  as  the  average  arrival 
rate  of  messages  from  outside  the  network  to  the  entry  points 
of  the  network. 

The  NADIN,  like  most  networks,  will  experience 
periods  of  peak  activity.  The  acceptability  of  a network  de- 
sign will  be  based  in  part  on  its  performance  during  this  peak 
period.  In  NADIN,  this  period  is  appropriately  selected  as 
an  hour  and  the  traffic  load  will  then  be  expressed  in  terms 
of  the  "busy  hour".  The  data  describing  traffic  levels  in  the 
existing  networks  is  usually  expressed  in  characters  per  hour. 
Knowing  the  message  length  distribution,  this  can  easily  be 
related  to  messages  per  hour  when  necessary  for  analysis.  Thus, 
the  traffic  loads  developed  in  this  study  are  in  terms  of  char- 
acters per  busy  hour.  To  develop  the  load  projections,  data 
available  for  the  existing  systems  has  been  extensively  used. 

The  development  of  the  load  projections  is  detailed  in  Appen- 
dix C,  and  individual  terminal  projections  are  given  in  the 
list  in  Appendix  H. 


5.3.4 

to: 


Message  Routine 


Messages  originating  at  a terminal  may  be  destined 


1.  A terminal  on  the  same  circuit, 

2.  A terminal  on  a different  circuit  served 
by  the  same  CF, 

3.  The  NAS  9020  computer  at  the  CF, 

4.  A terminal  served  by  a different  CF. 


The  division  of  the  traffic  over  these  four  cate- 
gories affects  the  appropriate  sizing  of  the  channels  between 
CF 1 s and  SC's  and  between  SC's,  and  the  constraints  for  the  • 
number  of  terminals  on  a circuit.  However,  accurate  information 
on  the  routing  of  the  traffic  is  very  hard  to  obtain,  as  noted 
in  MITRE  Report  MTR-1673,  and  furthermore,  should  be  considered 
as  subject  to  change.  Thus,  for  appropriate  sizing  of  the 
channels  and  development  of  circuit  constraints,  conservative 
assumptions  have  been  made  coupled  with  sensitivity  analysis. 
These  assumptions  and  the  related  analysis  are  the  subject  of 
Appendix  D. 

5.4  PERFORMANCE- RELATED  CONSTRAINTS 

In  order  to  develop  appropriate  performance  cri- 
teria and  constraints  for  the  design  process,  considerable  ana- 
lysis has  been  developed  in  Appendix  D.  The  analysis  is  based 
upon  first  identifying  the  limitations  on  performance  imposed 
by  existing  equipment  usage  and  then  the  development  of  con- 
sistent design  constraints  reflecting  good  engineering.  These 
constraints  are  listed  below. 

For  polled  Service  B circuits  with  existing 
equipment, 

X < 19.0  - -6M  KC HR/HR 

For  polled  AFTN  circuits  using  existing 
equipment, 

X < 20.0  - .2M  KCHR/HR 

For  polled  circuits  using  new  1200  bps 
ANSI-consistent  terminals, 

X <_  210  - 6M  KCHR/HR 

where  X is  the  traffic  level  on  the  circuit  during  the  peak 
hour  and  M is  the  number  of  terminals  on  the  circuit. 
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Use  of  ICAO-recommended  procedures  for  data  inter- 
change has  been  assumed  for  circuits  between  concentrators 
and  switches  and  use  of  the  full  CIDIN  procedures  has  been 
assumed  between  switches.  The  performance  implications  of 
these  assumptions  have  been  analyzed  in  Appendix  D,  and  are 
found  quite  satisfactory. 

5.5  RELIABILITY  CONSIDERATIONS 

Several  aspects  of  reliability  have  already  been 
discussed.  A detailed  discussion  and  analysis  is  presented  in 
Appendix  E.  The  conclusions  drawn  from  the  analysis  are: 

The  use  of  concentrators  in  the  network  design 
improves  reliability  significantly. 

Concentrators  which  perform  local  switching  im- 
prove reliability  insignificantly  as  compared 
to  concentrators  which  do  not  perform  switching. 

A line  constraint  of  five  terminals  per  line  ensures 
reliable  service  to  all  users  with  insignificant 
cost  impact  when  concentrators  are  used. 

Reliability  can  be  significantly  improved  with  lit- 
tle increase  in  cost  by  using  a multiplexing  dial-up  redun- 
dancy scheme. 

5.6  COST  CONSIDERATIONS 

The  equipment  costs  used  in  this  study  are  detailed 
in  Appendix  F,  and  are  summarized  here  in  Table  5-1. 

The  line  tariffs  used  in  the  designs  are  based  on 
derived  Telpak  circuits,  where  the  basic  Telpak  rate  was  in- 
creased by  20%  to  reflect  the  fact  that  direct  routing  is  not 
always  available  and  to  account  for  IXC  charaes. 

I 
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PURCHASE 


AMORTIZED  COST 
(+1%  maintenance ) 
($/month) . 


MODEMS 


< 1200  bps 


1,780 

3,620 

4,800 

7,200 

9,750 


13.33 

20.00 

47.45 

96.51 

127.97 

191.95 

259.94 


MULTIPLEXERS 

$ 400/channel 

2,500/station  + 
150/channel 


10 . 67/channel 

67 . 00/st.ation  + 
4 . 00/channel 


CONCENTRATORS 

$24,000  + $350/low  speed 
line 

SWITCHES 


640.00  + $9.33/ 
low  speed  line 


CATEGORY  1 

for  network  without 

concentrators 


$700,000 


$ 18,662 


CATEGORY  2 

for  network  with 

concentrators 


400,000 


10,664 


CATEGORY  3 

for  small  subnet 

(Alaska  or  Honolulu) 


360,000 


9,598 


TABLE  5-1:  SUMMARY  OF  EQUIPMENT  COST 
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Teletype 
Voice  Grade 


$. 25/mile 
$ . 50/mile 


Terminal  Connect  Cost 

$ 40/terminal 

A basic  tariff  acquired  from  RCA  Globecom  Alaska  for  Alaska 
circuits  is  given  below: 

. 45  bps  half-duplex  8 A.M.  - 5 P.M.  $. 10/hour/mile/month 

5 P.M.  - 8 A.M.  $. 04/hour/mile/month 

25%  additional  for  75  bps  half-duplex  service 

25%  additional  (over  the  75  bps  half-duplex)  for 
75  bps  full-duplex  service 

. 2000  type  channel  - half  duplex 

0 - 250  miles  $3 . 50/mile/month 

250  - 500  miles  $3 . 15/mi le/month 

500  - miles  $2 . 80/mile/month 

25%  additional  for  a 3000  type  half-duplex  channel 

25%  additional  (over  the  3000  type  half-duplex)  for 
3000  type  full-duplex  service 


This  tariff  yields  the  following 
full-period  leased  circuits: 
Alaska  Line  Cost 
7 5 bps 
1200  bps 
0 - 250  miles 
250  - 500  miles 
500  - 


cost  structure 


$2. 35/mile 

$5 . 4 7 /mile 
$4. 92/mile 
$4. 38/mile 


for 


full-duplex 


In  addition,  connection  of  Anchorage  to  CONUS  has  been  priced 
by  RCA  Globecom  Alaska  as  follows: 


Seattle  Line  Cost 


Anchorage  - 

Voice  Grade  $3, 100/month 

Anchorage  - Montana 

Voice  Grade  $3, 594/month 

TTY  $2, 542/month 

The  cost  of  a sub-voice  grade  line  connecting  Hawaii  to  the 
mainland  is  $ 2 , 904/month,  and  the  cost  of  a voice-grade  line 
is  $6 , 600/month. 

The  costs  described  in  the  preceding  paragraphs 
were  used  in  the  network  cost  calculations  in  making  the 
evaluations  of  network  architecture  described  in  Section  6 
following. 
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EVALUATION  OF  NETWORK  ARCHITECTURES 
6.1  INTRODUCTION 

The  purpose  of  this  section  is  to  outline  the  process 
which  has  led  to  a recommended  architecture  for  NADIN  and  to 
present  the  recommended  architecture.  The  process  of  network 
design,  although  immensely  aided  by  computer  analysis,  is  still 
a human  task.  The  analyst  must  develop  reasonable  constraints 
for  the  network  designs  and  conceive  fundamentally  sound  stra- 
tegies for  a network  architecture.  The  previous  sections  have 
discussed  the  design  constraints  and  architectural  strategy. 

This  section  outlines  the  steps  taken  in  developing  the  strategy 
into  a network  design  consistent  with  the  constraints. 

The  AFTN  and  Service  B networks  are  located  in  the 
four  geographic  regions  previously  mentioned:  the  CONUS, 

Caribbean,  Alaska,  and  Pacific  regions. 

The  network  topology  appropriate  for  each  region  is 
independent  of  the  other  regions.  However,  the  network  archi- 
tectures on  which  the  topologies  are  based  may  be  affected  by 
the  architecture  within  each  region.  Thus,  the  fact  that 
message  switching  capability  in  CONUS  will  be  accessible  from 
other  regions  makes  provision  of  local  switching  capability  in 
the  other  regions  a question  of  benefit  rather  than  a matter 
of  necessity. 

The  Alaska,  Pacific,  and  Caribbean  regions  have  clear 
geographical  justification  for  centralized  topologies,  with 
centers  at  Anchorage,  Honolulu,  and  San  Juan,  respectively. 

Four  basic  architectural  alternatives  are  then  available: 

a.  Placing  a multiplexer  at  the  central  location 
and  doing  all  switching  elsewhere, 

b.  Placing  a concentrator  at  the  central  location 
and  doing  all  switching  elsewhere, 
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c.  Placing  a concentrator  at  the  ~entral  location 
and  doing  all  switching  requiring 
journaling  elsewhere,  but  other 

switching  locally,  or 

d.  Placing  a switch  at  the  central  location 

The  situation  for  the  CONUS  is  considerably  more 
complex.  Even  with  a basic  architecture  established  of  two  switch- 
ing  centers  and  the  use  of  concentrators  at  ARTCC ' s substantial 
questions  of  topology  remain.  In  the  next  section,  these 
questions  are  resolved  and  the  following  section  considers 
the  alternatives  for  the  other  regions.  The  last  section  gives 
the  combined  resultant  network  design. 

6 . 2 CONUS 

The  evaluation  of  the  architectural  variations  to  be 
considered  for  CONUS  is  almost  entirely  dependent  on  Area  B 
considerations.  This  is  because  of  the  relatively  large  num- 
ber of  Area  B terminals,  their  geographic  dispersion,  and  the 
little  impact  on  the  topology  of  the  other  components  of  the 
Service  B and  AFTN  networks  that  result  from  the  variations 
considered.  Consequently,  in  the  discussion  which  follows, 
consideration  will  be  restricted  to  Area  B. 

62.1  Baseline  System 

The  baseline  design  considered  for  CONUS  is  composed 

of  two  switching  centers  geographically  separated,  but  in  the 
immediate  vicinity  of  Kansas  City,  and  20  concentrators,  one 
at  each  ARTCC,  connected  in  a point-to-point  manner  with  the 
switching  centers.  For  purposes  of  topological  analysis,  the 
two  centers  are  considered  as  one  located  at  Kansas  City. 

The  basic  design  for  1975  traffic  is  shown  in  Figure  6-l*and 
its  structure  and  cost  are  detailed  in  Table  6-1.  Kansas  City 
was  selected  for  the  centers  because  of  its  proximity  to  the 
geographic  center  of  the  country.  For  comparison  purposes,  a 

*Figures  6-1  through  6-9  and  Figures  6-11  through  6-12  are  maps 
which  may  be  found  at  the  end  of  this  Section 
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design  composed  of  Kansas  City  located  switches  but  no  concen- 
trators is  shown  in  Figure  6-2;  its  structure  and  cost  are 
detailed  in  Table  6-2.  Both  designs  were  subject  to  the  same 
reliability  and  performance  constraints.  A comparison  of  the 
two  designs  indicates  that  even  at  1975  traffic  loads  with  a 
concentrator  at  every  ARTCC , the  use  of  concentrators  is  still 
cost  effective.  A study  is  currently  in  progress  to  determine 
the  most  efficient  manner  to  evolve  NADIN  implementation,  which 
may  result  in  procedures  to  use  fewer  concentrators  in  the 
initial  stages.  However,  in  this  study,  concentrators  are 
assumed  present  at  all  ARTCC' s,  reflecting  the  general  stra- 
tegy for  NADIN  and  giving  worst  case  cost  results  for  evalua- 
tion purposes. 

6.2.2  ARTCC  Constraint 

For  administrative  purposes,  it  appears  attractive 
for  Area  B circuits  to  be  entirely  contained  within  the  region- 
al domains  of  the  ARTCC ' s at  which  they  are  terminated.  This 
constraint  somewhat  restricts  the  topological  variations  that 
can  be  achieved  in  the  design  process.  However,  no  signifi- 
cant cost  effects  result.  A design  with  the  area  constraint 
is  shown  in  Figure  6-3  and,  as  can  be  seen  from  its  corres- 
ponding description  table  (Table  6-3)  , there  is  only  about  1% 
increase  in  network  cost  in  comparison  to  the  baseline  design. 

It  is  assumed  that  this  minor  increase  in  cost  is  warranted 
by  personnel  considerations. 

6.2.3  Multipoint  Concentrators 

It  is  apparent  from  examination  of  the  baseline  de- 
sign that  further  savings  could  be  achieved  by  staging  the  con- 
centrators. In  Figure  6-4  such  a design  is  shown.  As  detailed 
in  Table  6-4,  the  resulting  cost  of  the  design  is  somewhat  less 
than  that  of  the  baseline  design.  The  reduction  in  cost  is 
about  3.5%,  sufficient  to  be  worthwhile,  yet  insufficient  to 
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be  of  concern  if  traffic  increases  or  new  requirements  cannot 
be  met  without  a point-to-point  conf iguration . Within  the 
1984  timeframe,  the  projected  requirements  can  all  be  satis- 
fied v.ith  such  a staged  configuration.  Because  of  the  multi- 
plexing redundancy  and  dial-up  backup  provided  for  all  concen- 
trators, the  reliability  of  the  two  designs  is  virtually 
equal.  The  staging  of  the  concentrators  will  introduce  a new 
delay  component,  but  because  of  the  line  speeds  specified  for 
the  concentrator  interconnect  circuits,  the  additional  delay 
will  be  negligible. 

6.2.4  Switching  Center  Locations 

In  addition  to  the  baseline  switching  center  loca- 
tion of  Kansas  City,  two  other  alternatives  were  examined: 
Kansas  City  and  Washington,  and  Denver  and  Indianapolis.  The 
Kansas  City  and  Washington  locations  reflect  administrative 
considerations  for  collocating  the  switches  at  major  FAA  facil- 
ities involved  with  related  network  activity.  The  Denver  and 
Indianapolis  locations  are  selected  for  a least-cost  compari- 
son. The  resulting  designs  are  shown  in  Figures  6-5  and  6-6, 
and  are  detailed  in  Tables  6-5  and  6-6.  As  can  be  seen  from 
the  tables,  the  cost  differences  are  insignificant,  differing 
only  by  about  .5%.  Thus,  all  of  the  three  options  are  consid- 
ered equally  attractive. 


6.2.5  Growth  Cost  Analysis 

In  order  to  evaluate  the  network  architecture  evolved 
above  in  terms  of  growth,  designs  based  on  the  architecture 
were  developed  to  satisfy  1977,  1980,  and  1984  traffic  require- 
ments consistent  with  the  performance  and  reliability  constraints 
developed  earlier.  These  designs  are  shown  in  Figures  6-7,  6-8, 
and  6-9.  The  traffic  levels  on  which  the  preceding  design  consi- 
derations are  based  follow  the  flight  plan  volumes  predicted  in 
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the  DOT  aviation  forecast  of  1973.  These  are  shown  in  Figure 
6-10,  along  with  a plot  of  the  projected  cost  of  the  new  net- 
work. The  cost  is  normalized  with  respect  to  1975  cost  and 
flight  plan  volume.  What  is  actually  plotted  is  the  flight 
plan  volume  that  would  be  processed  if  the  1975  ratio  of  flight 
plans  to  system  costs  remained  constant.  As  the  plot  shows, 
the  rate  of  increase  in  the  projected  load,  for  which  the  system 
is  designed,  is  considerably  greater  than  the  rate  for  the  1975 
unit-cost-related  load,  indicating  an  inr  easingly  cost-effec- 
tive network.  The  costs  include  increa  ,es  in  concentrator  and 
switching  computer  core  to  meet  projected  increases  in  storage 
requirements.  The  incremental  costs  are  amortized  at  10%  over 
the  time  remaining  in  the  1984  time  frame  of  the  equipment. 

6.3  ALASKA,  PACIFIC,  AND  CARIBBEAN  REGIONS 

The  question  to  be  resolved  is  whether  multiplexers, 
concentrators,  or  switches  should  be  used  at  the  central  locations 
in  the  Pacific,  Alaska,  and  Caribbean  regions.  The  resolution 
of  the  question  depends  upon  the  answer  to  an  administrative 
question:  is  journaling  required  of  locally  switched  messages 
in  these  regions?  If  the  answer  is  no,  concentrators  which 
perform  local  switching  offer  a cost-effective  means  of  pro- 
viding high  reliabilility  service  within  a region.  If  the 
answer  is  yes,  the  requirement  for  reliable  local  operation 


within  the  regions  provided  by  a local  minor  switch  with  its 


high  costs  ($350,000,  or  $9 , 600/month)  must  be  weighed  against 
the  lesser  costs  and  reliability  obtained  from  a concentrator 
with  remoted  switching  in  CONUS.  For  the  same  reasons  a con- 
centrator is  recommended  at  ARTCC ' s , it  is  recommended  for 
the  Caribbean  region.  Therefore,  if  local  switching  can  be 
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local  reliability  is  deemed  worth  the  expense  by  FAA  admini- 
stration. Thus  in  Alaska,  Hawaii  and  the  Caribbean,  concen- 
trators are  favored. 

Each  region  should  be  connected  to  CONUS  via  a 
voice  grade  facility  to  ensure  acceptable  response  times  for 
messages  traversing  between  centers  and  reasonable  insensitivity 
to  traffic  growth.  A sub-voice  grade  channel  would  introduce 
an  additional  low  speed  channel  and  queueing  delay  that  would 
impair  network  performance  objectives.  The  use  of  a multi- 
plexer would  avoid  the  additional  delay  because  of  its  functional 
extension  of  the  terminal  circuit  directly  to  the  switch. 

6.4  NADIN  ARCHITECTURE 

The  network  designs  considered  in  this  study  have 
all  satisfied  the  performance  and  reliability  constraints 
presented  earlier  and  thus  are  assumed  of  equal  evaluation  in 
terms  of  these  measures.  For  the  measures  of  cost,  growth, 
and  consistency  with  the  NADIN  concept,  the  uniformly  best 
architecture  is  composed  of  two  major  switching  centers  in 
CONUS,  with  concentrators  at  ARTCC ' s , Anchorage,  Honolulu, 
and  San  Juan.  The  NADIN  network  design  for  1975  traffic 
is  shown  in  Figure  6-11,  and  for  1984  traffic  in  Figure  6-12. 
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Center:  Kansas  City 

Concentrators:  21  Point-to-point 

Traffic:  1975 

Service : 

Area  Constraint: 

Leased  Lines  Cost: 

Trans.  Equip.  Cost: 

Intelligence  Cost: 

Switches 
Concentrators 


TABLE  6-1  BASELINE  DESIGN 
(FIGURE  6-1) 


Area  B 
No 

$33,457 

533 

21,328 
15,515 
$70 ,833 
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Center: 

Concentrators  : 
Traffic: 

Servi ce : 

Area  Constraint: 


Kansas  City 

None 

1975 

Area  B 

No 


Leased  Lines  Cost:  $37,928 

Trans.  Equip.  Cost 
Intelligence  Cost  37,324 

$75,252 


f 


TABLE  6-2  COMPARISON  SYSTEM 
(FIGURE  6-2) 
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Center:  Kansas  City 

Concentrators:  21  Point-to-point 

Traffic:  1975 

Service:  Area  B 

Area  Constraint:  Yes 


Leased  Lines  Cost 

$34,158 

Trans.  Equip.  Cost 

533 

Intelligence  Cost 

Switches 

21,328 

Concentrators 

15,593 

$71,612 

r 


Center : 

Concentrators : 
Traffic: 

Service : 

Area  Constraint: 


Kansas  City 
21  Multipoint 
19  75 
Area  B 
Yes 


Leased  Lines  Cost  $29,638 

Trans.  Equip.  Cost  1,977 

Intelligence  Cost 

Switches  21,328 

Concentrators  15 ,515 

$68,458 


TABLE  6-4  VARIATION  B 
(FIGURE  6-4) 
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Centers  : 
Concentrators : 
Traffic: 

Service : 

Area  Constraint: 


Kansas  City,  Washington 

21  Multipoint 

1975 

Area  B 

Yes 


Leased  Lines  Cost  $29,620 

Trans.  Equip.  Cost  2,156 

Intelligence  Cost 

Switches  21,328 

Concentrators  15,515 

$68,619 


i 


TABLE  6-5  VARIATION  C 
(FIGURE  6-5) 
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Centers : 

Denver,  Indianapolis 

Concentrators : 

21  Multipoint 

Traffic: 

1975 

Service : 

Area  B 

Area  Constraint: 

Yes 

Leased  Lines  Cost 

$29,411 

Trans.  Equip.  Cost 

1,977 

Intelligence  Cost 

Switches 

21,328 

Concentrators 

15,515 

$68,231 

TABLE  6-6  VARIATION  D 
(FIGURE  6-6) 


C 
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Centers : 
Concentrators : 
Traffic : 

Service : 

Area  Constraint: 


Denver,  Indianapolis 
21  Multipoint 
1977 
Area  B 


Leased  Lines  Cost 
Trans.  Equip.  Cost 
Intelligence  Cost 
Switches 
Concentrators 


$29,719 

1,977 

21,328 

15,541 

$68,565 


TABLE  6-7  VARIATION  D1 
(FIGURE  6-7) 
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Centers : 
Concentrators : 
Traffic : 

Service : 

Area  Constraint: 

Leased  Lines  Cost 
Trans.  Equip.  Cost 
Intelligence  Cost 
Switches 
Concentrators 


Denver,  Indianapolis 

21  Multipoint 

1980 

Area  B 

Yes 

$30,201 

2,250 

22,928 

18,396 

$73,775 
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TABLE  6-8  VARIATION  D2 
(FIGURE  6-8) 
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Centers:  Denver,  Indianapolis 

Concentrators:  21  Multipoint 

Traffic:  1984 

Service:  Area  B 

Area  Constraint: 


Leased  Lines  Cost  $33,704 

Trans.  Equip.  Cost  5,118 

Intelligence  Cost 

Switches  26,128 

Concentrators  22,076 

$87,026 


TABLE  6-9  VARIATION  D3 
(FIGURE  6-9) 
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SECTION  7 
CONCLUSIONS 

7 . 1 SUMMARY 

In  this  study  the  feasibility  of  cost-effective 
improvement  of  Service  B and  AFTN  by  integration  has  been 
examined  and  a network  architecture  has  been  developed  which 
not  only  demonstrates  the  feasibility  of  satisfying  the 
basic  improvement  objectives,  but  which  may  also  serve  as  the 
kernal  for  continued  NAD IN  development.  The  designs  develop- 
ed as  part  of  the  study  illustrate  particular  attributes  of 
the  architectures  being  considered.  The  designs  do  not  neces- 
sarily reflect  the  appropriate  evolutionary  stages  of  network 
implementation.  These  stages  are  the  subject  of  continued 
study. 

This  section  reviews  the  major  findings  of  the 
study  and  attempts  to  assess  the  meaning  of  each  finding  to 
the  network  designer  and  the  network  manager.  In  those  cases 
where  the  findings  state  that  the  network  is  relatively  in- 
sensitive to  the  attribute  in  question,  the  interpretation  to 
the  network  designer  is  "wider  latitude  in  design"  and  to  the 
network  manager  a non-critical  item.  Conversely,  if  the  study 
reveals  that  the  network  is  very  sensitive  to  an  attribute, 
both  the  network  designer  and  manager  have  been  alerted  and 
they  can  provide  the  attention  warranted. 

7.2  OPERATIONAL  REQUIREMENTS 

The  NADIN  network  not  only  meets  all  the  operation- 
al requirements  presently  being  satisfied  by  the  Service  B 
and  AFTN  networks  independently,  but  it  will  be  more  cost- 
effective,  provide  for  greater  throughput,  and  reduce  message 
delay  time  as  shown  in  this  study.  Thus,  it  may  be  concluded 


that  for  the  immediate  future,  NAD IN  can  and  should  replace 
the  two  independent  networks  - Service  B and  AFYN;  the  imme- 
diate benefits  alone  justifying  the  action. 

More  difficult  to  answer  is  the  question,  "Is  NADIN. 
the  proper  network  for  the  FAA  requirements  of  the  1980 's?” 

In  trying  to  answer  that  question,  Telcom  and  NAC  were  faced 
with  trying  to  ascertain  and  then  quantify  the  1985  FAA  com- 
munication requirements  suitable  for  integration  into  NADIN. 

In  any  requirements  study,  there  are  degrees  of  uncertainty 
that  can  be  associated  with  any  set  of  requirements.  These 
sets  of  requirements  may  be  organized  into  the  following 
categories : 

1.  Existing  requirements, 

2.  Quantified  n ew  requirements, 

3.  Potential  new  requirements, 

4 . Unknown  new  requirements . 

The  first  category  is  the  easiest  to  project  into 
future  requirements.  Basically,  it  is  a matter  of  predicting 
the  growth  of  the  existing  requirements.  For  this  study,  the 
contractor  primarily  relied  on  the  FAA  aviation  forecasts. 
Difficulties  that  occur  are  caused  not  by  the  analyst's  in- 
ability to  relate  the  new  requirements  to  some  growrh  factor 
(e.g.,  new  message  type  as  a function  of  flight  plans) , but 
by  his  inability  to  predict  the  user's  reaction.  The  users 
may  totally  reject  the  methodology  employed  to  meet  their 
requirements,  or  the  methodology  might  provide  such  improved 
levels  of  service  that  the  users  must  modify  their  business 
methods,  thus  begetting  new  requirements.  In  this  study, 
the  latter  situation  is  anticipated  by  establishing  network 
architecture  that  can  accommodate  a 25%  increase  over  the 
1984  projected  traffic  levels  and  still  maintain  acceptable 
service  levels.  (It  should  be  noted  that  this  study  uses 
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a 90%  growth  factor  in  aviation  between  1980  and  1984  in  order 
to  assure  system  expandability.)  Through  the  aforementioned 
analysis,  the  contractor  has  endeavored  to  meet  the  first  two 
categories  of  requirements. 

The  third  category  of  requirements  includes  approved 
but  not  funded  projects,  projects  currently  under  study,  and 
current  working  papers.  Some  of  these  projects  will  have 
little  or  no  effect  on  NAD IN  as  their  communications  require- 
ments are  minimal.  Other  projects  have  potential  communica- 
tion requirements  that  individually  would  impose  a throughput 
requirement  of  an  order  of  magnitude  greater  than  today's 
Service  B traffic  load  or  require  service  levels  of  between 
one  and  two  orders  of  magnitude  faster  than  is  today  provided 
in  comparable  message-oriented  systems.  If  the  system  archi- 
tect designed  the  network  to  handle  the  entire  aggregate  of 
potential  new  requirements,  the  network  would  be  so  large  and 
expensive  that,  in  all  probability,  it  would  not  be  cost- 
effective  in  the  short  term.  The  network  architect  must  pro- 
vide cost-effective  networks  at  implementation  time,  yet  the 
network  must  be  able  to  meet  those  "potential"  new  require- 
ments that  are  implemented  within  the  life  cycle  of  the  system 
design.  The  same  is  true  of  category  4 requirements.  The 
study  contractor  has  accommodated  category  3 and  4 requirements 
by  providing  for  both  horizontal  and  vertical  growth.  This 
growth  is  more  than  the  conventional  growth  obtained  by  adding 
more  circuits,  faster  circuits,  more  terminals,  faster  termi- 
nals, more  concentrators,  larger  switches,  etc.  The  growth 
is  also  in  new  functions  primarily  obtained  by  the  inherent 
flexibility  and  modularity  of  the  concentrators. 


7.3  NETWORK  ARCHITECTURE 

After  reviewinq  the  NADlti  architecture,  r specially 
rhe  maps  and  ost  tables,  one  can  reach  several  fundamental 
conclusions.  ihe  following  paragraphs  address  each  conclu- 
sion and  discuss  if?-  impact  cn  the  network  manager  and  designer. 

7.3.1  tion 

This  study  concludes  that  the  network  cost  is  rather 
insensitive  to  the  location  of  the  switching  center (s).  To 
the  network  designer,  it  allows  almost  complete  freedom  to  lo- 
cate the  switching  centers.  To  thp>  network  manager,  it  re- 
lieves him  of  having  to  consider  netv/ork  costs  in  making  a 
site  selection  The  network  manager  is  free  to  consider  only 
other  factors  such  as  the  availability  of  space,  personnel  and 
other  resources. 

7.3.2  Quantity  of  Switching  Centers 

The  study  concludes  that  the  least  costly  network 
architecture  contains  only  one  switching  center  node.  To  the 
network  designer,  a one-node  network  is  also  the  simplest  tc 
design.  However,  the  network  manager  must  be  concerned  with 
survivability.  To  provide  survivability,  a two-node  network 
is  recommended  in  this  study.  The  network  manager  does  have 
a cost  tradeoff  decision  to  make  - survivability  versus  minimum 
cost.  It  is  noted  that  in  many  commercial  applications,  com- 
municators have  chosen  the  single-node  architecture  and  hence 
minimum  cost. 

7.3.3  Non-CONUS  Locations 

The  study  concludes  that  non-switching  concentra- 
tors should  be  placed  at  Honolulu,  Anchorage  and  Puerto  Rico. 

The  conclusions  are  based  on  the  assumption  that  journalling 
will  be  a requirement  for  locally  switched  traffic  and  that 
local  switching  does  not  add  significantly  co  the  reliability 


The  network  manager  could  choose  to  locate  minor  switching 
centers  at  these  locations  to  provide  local  switching  and 
journalling,  but  it  would  be  an  increased  network  cost  that 
does  not  appear  to  be  cost-beneficial. 

7 . 4 DESIGN  EFFECTS 

There  are  two  significant  design  areas  that  are 
affected  by  the  network  architecture.  One  is  the  choice  of 
concentration  techniques,  the  other  is  the  impact  of  integra- 
tion on  operational  compatibility.  Each  of  these  areas  is 
discussed  further. 

7.4.1  Concentration 

The  study  concludes  that  it  is  advantageous  to 
choose  concentrators  over  multiplexers  for  the  NADIN  network. 
The  conclusion  is  based  on  the  fact  that  concentrators  pro- 
vide significantly  greater  reliability  and  flexibility  over 
multiplexers  for  about  the  same  cost.  This  mainly  affects 
the  designer.  However,  the  network  manager  should  be  particu- 
larly interested  in  the  flexibility  of  the  concentrator,  for 
it  is  by  this  flexibility  that  the  NADIN  can  accommodate  hori- 
zontal growth  of  requirements. 

As  other  requirements  and  possibly  services  are  in- 
tegrated into  NADIN,  it  may  be  cost-effective  to  use  multi- 
plexers between  the  concentrator  node  and  terminal  locations, 
especially  where  there  are  several  terminals  located  at  or 
near  the  same  service  location.  There  is  nothing  in  this 
study  that  precludes  the  designer  from  recommending  and  utiliz- 
ing multiplexers  (either  TDM  or  FDM)  if  the  situation  warrants. 
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7.4.2  Operational  Compatibi  1 i ty 

Th<=>  study  recommends  the  integration  cf  the  Serv.  e 
R and  AFTN  network?,  while  at  the  same  time  pointing  out  i. 
categories  of  terminals.  The  categories  are  caused  by: 

• Inconsistent  line  protocols, 

• Inconsistent  formats, 

• Agency  privacy  requirements, 

• Geographic  dispersion. 

The  network  manager  must,  as  a minimum,  prevent  the  formula- 
tion of  unnecessary  categories  of  terminals  and,  consistent 
with  changes  in  operating  requiremer + s , work  toward  the  re- 
duction of  the  number  of  terminal  categories.  The  adoption 
of  a NADIN  format  designed  for  flexibility  is  one  possib'1 
step  to  eliminate  incompatible  category  proliferation. 

7.5  ECONOMIC  CONSIDERATIONS 

After  ascertaining  that  NADIN  meets  the  FAA's 
operational  requirements  during  the  period  197"  1985,  the 
next  most  important  subject  is  the  economic  benefits  derived 
from  the  network. 


7.5.1  Immediate  Savings 

The  study  concludes  that  immediate  savings  can  be 
realized  as  soon  as  NADIN  i.s  implemented  due  to  the  reduc 
tion  in  network  costs.  Additionally,  it  appears  that  fur* her 
savings  could  be  realized  within  the  first  two  years  of  op*  ra- 
tion as  obsolescent  facilities  (mainly  relay  centers)  are 
closed  or  consolidated . 


! 

7.5.2  Growth 

The  study  concludes  that  the  NADIN  network  can  be 
designed  so  as  to  grow  modularly  with  requirements.  This  i 

reduces  initial  investment  costs.  It  also  provides  the  net- 
work manager  and  designer  with  flexibility  to  meet  new  re- 
quirements. Probably  the  most  important  factor  in  a modular 
growth  pi  an  is  that  the  manager  does  not  have  to  make  all  im- 
plementation decisions  initially,  but  can  make  these  decisions 
over  the  entire  life  of  the  system,  benefiting  from  operational 
feedback  information. 


SECTION  8 


ADDITIONAL  CONSIDERATIONS 


8.1  INTRODUCTION 

It  has  been  shown  that  a combination  of  the  Ser- 
vice B and  AFTN  networks  into  a single  NADIN  network  would  pro- 
vide more  effective  service  at  less  overall  cost.  Integration 
considerations  involve  the  successful  operation  of  the  new  net- 
work with  a minimal  effect  on  operating  personnel  and  existing 
tern.'  al  equipment  carried  over  from  the  predecessor  networks. 
There  is  also  the  matter  of  system  integration  wholly  within 
che  new  network.  It  must  be  designed  to  be  self-consistent 
and  operable  under  all  of  the  conditions  to  which  it  may  be 
subjected. 

In  this  section,  consideration  is  given  to  some  of 
the  factors  beyond  system  architecture  that  affect  system  de- 
sign. Detailed  consideration  is  beyond  the  scope  of  the  study 
reported  herein.  However,  these  matters  must  ultimately  be 
considered  :n  a unified  manner  and  in  detail.  The  performance 
and  cost  of  the  system  depend  upon  the  switches,  concentra- 
tors, terminals,  transmission  facilities,  personnel  and  the  in- 
teractions between  these  elements.  Decisions  on  various  sys- 
tems parameters  cannot  be  made  in  isolation  but  must  consider 
all  of  the  system  ramifications.  The  present  Service  B and 
AFTN  networks  have  evolved  as  needs  dictated.  The  networks 
have  worked  well  and  served  their  purpose.  However,  the  de- 
sign of  an  integrated  NADIN  provides  an  opportunity  to  re-ex- 
amine and  evaluate  all  of  the  factors  inherent  in  a system  de- 
sign and  to  set  an  even  higher  standard  of  efficiency  for 
future  operations. 
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8.2.1  Error  Control  Procedures 

Interference  and  transmission  anomalies  can  cause 
intended  coded  symbols  to  be  translated  into  unintended  symbols. 

As  a result,  message  garbles  may  occur,  or  overprinting  of 
a message  may  take  place.  The  process  of  error  control  is 
intended  to  prevent  these  effects  from  becoming  intolerable. 

A basis  for  automatic  error  detection  is  the  trans- 
mission of  redundant  bits  along  with  the  information  bits  in  a 
message.  The  resulting  bit  patterns  are  designed  so  that  trans- 
mission disturbances  are  more  likely  to  be'  translated  into 
illegal  bit  patterns  than  into  those  patterns  that  are  consi- 
dered valid  message  material.  It  is  evident  that  with  error  de- 
tection the  number  of  bits  transmitted  in  a message  is  greater 
than  the  number  of  bits  required  to  transmit  only  the  information. 

8 . 2 . 1 . 1 Error  Detection  frith  Five  Level  Code 

If  we  consider  each  letter  of  the  alphabet,  each  sin- 
gle digit  number,  essential  punctuation  marks,  and  a minimum 
number  of  control  functions  such  as  carriage  return  and  line 
feed,  we  find  that  40  characters  and  functions  are  needed.  A 
five-bit  code  is  capable  of  producing  only  32  character  combi- 
nations (i.e.  symbols,  letters,  numbers,  punctuation  marks, 
and  control  codes).  By  the  use  of  figure  and  letter  shift 
symbols,  it  is  possible  to  represent  as  many  as  60  characters 
with  a 5-bit  code.  Clearly,  there  are  few  redundant  bits  in  such 
an  arrangement.  For  this  reason,  five- level  teleprinter  circuits 
have  not  been  designed  with  automatic  error  detection  and  correc- 
tion capability.  In.  such  cases,  it  is  left  t the  recipient  o 
detect  errors  in  the  message.  Symbol  transpositions  are  detected 
because  of  the  recipient's  prior  knowledge  oc  the  general  sense 
of  the  message,  or  because  of  the  redundancy  inherent  i.n  language 
text.  Data  and  pure  numerical  information  are  nor  easily 
amenable  to  visual  error  detection  by  the  recipient.  Where 
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numerical  data  are  not  a significant  fraction  of  the  traffic, 
data  redundancy  within  the  text  can  be  provided  so  that  the 
recipient  can  detect  errors.  This  can  be  accomplished  by 
repeating  the  data  within  the  message.  It  can  also  be 
accomplished  by  spelling  numerals.  A more  elaborate  approach, 
which  is  useful  where  automatic  data  processing  equipment  is 
available,  is  to  transmit  data  check  characters  or  sequences 
derived  from  the  data  being  transmitted  and  constructed  in  a 
.redesignated  manner.  The  data  processing  equipment  at  the 
receiving  station  also  derives  the  data  check  sequence  from  the 
received  data  and  then  compares  the  transmitted  and  received 
check  sequences.  A discrepancy  indicates  that  a transmission 
error  .has  occurred. 

All  of  the  preceding  techniques  are  designed  to 
overcome  the  error  detecting  deficiency  of  five-level  code. 
Ingenious  methods  have  been  devised  for  automatic  error  detec- 
tion with  five-level  terminal  equipment.  This  has  involved  use 
of  the  start  and  stop  intervals  for  adding  redundant  bits  to 
each  character.  Characters  are  then  usually  transmitted  in 
blocks  resulting  in  a pseudo-synchronous  transmission  mode. 

One  method  uses  a 7 bit  fixed  length  character  code  which 
always  has  exactly  three  marks  for  each  symbol.  It  is  readily 
seen  that  this  permits  the  transmission  of  128  symbols,  only 
35  of  which  are  legal.  Accordingly,  a measure  of  redundancy  is 
obtained . 

ft . 2 . 1 . 2 Error  Detection  With  Seven-Level  Code 

Seven- level  equipment  is  usually  designed  so  that 
in  eighth  level  is  provided  for  a parity  (redundant)  bit. 

This  provides  for  transmitting  256  symbols,  only  128  of  which 
are  valid.  The  use  of  a 128  symbol  character  set  eliminates 
the  need  for  figures  and  letters  shift  characters  and  permits 


the  use  of  additional  valuable  control  symbols.  When  asyn- 
chronous transmission  is  used,  the  parity  bit  for  each 
character  is  set  so  that  the  total  number  ot  marks  in  a character 
is  always  an  even  number  (ANSI  X 3.16  - 1966).  The  receiving 
equipment  is  designed  to  count  the  number  of  marl  in  each 
character.  When  parity  is  not  achieved,  the  receiving  printer 
may  be  configured  to  print  a special  character,  such  as  an 
asterisk  or  a question  mark,  in  place  of  the  incorrect  symbol. 
This  aids  the  message  recipient  in  detecting  the  presence  of 
an  error. 

8 . 2 . 1 . 3 Error  Correction 

Error  correction  is  generally  considered  to  be  of 
two  types:  manual  and  automatic.  For  most  asynchronous  trans- 

mission applications  involving  reliable  circuits,  communicators 
have  depended  upon  the  recipient  to  initiate  a manual  service 
request  for  retransmission.  When  the  circuits  were  excessively 
noisy,  communicators  employed  automatic  reply  request  (ARQ) 
on  a character  basis  coupled  with  error  detection  (i.e.,  three- 
out-of-seven)  techniques  to  improve  the  quality  of  information 
transfer.  ARQ  is  the  usual  method  of  error  correction  performed 
with  synchronous  transmission.  The  error  defection  techniques 
commonly  used  are  either  longitudinal  redundancy  check  (LRC)  or 
cyclic  redundancy  check  (CRC) . In  either  case,  a cnique  block 
check  character  sequence  is  constructed  using  information  from 
all  of  the  characters  in  the  block.  As  an  additional  check, 
character  parity  may  also  be  detected.  At  the  receiving 
station,  the  block  check  sequence  is  reconstructed  from  the 
transmitted  data  and  then  compared  with  the  received  block 


check  sequence.  If  they  agree,  a block  acknowledgement  signal 
is  returned  to  the  sending  terminal.  A discrepancy  result?  :•  n 
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Another  form  of  automatic  error  correction  amenable 
to  synchronous  transmission  is  forward  error  correction  (FEC)  . 
When  forward  error  correction  is  used,  sufficient  redundancy 
must  be  present  in  each  block  transmission  so  that  the  occur- 
rence of  errors  that  alter  the  bit  composition  of  the  block 
does  not  prevent  the  association  of  the  resulting  erroneous 
bit  pattern  with  the  intended  correct  bit  pattern.  Thus, 
when  forward  error  correction  is  used,  the  processing  of  an 
incorrect  block  at  the  receiving  station  not  only  detects  the 
block  errors  but  also  corrects  them.  The  number  of  redundant 
bits  required  for  FEC  is  a function  of  the  specified  degree 
of  error  correction  and  may  equal  the  number  of  information 
bits  if  a high  degree  of  error  correction  capability  is  de- 
sired . 

As  a general  rule,  for  transmissions  over  land  lines 
and  for  radio  transmissions  where  circuit  noise  is  not  exces- 
sive, ARQ  error  detection  and  correction  is  more  common  than 
forward  error  correction.  For  satellite  transmission,  where 
transmission  delays  are  large,  forward  error  correction  may 
pe  desirable. 

The  foregoing  discussion  points  up  the  merit  of 
transmission  which  permit.:  automatic  error  detection  and  cor- 
rection to  be  employed  and  can  result  in  virtually  error-free 
messages  in  the  hands  of  system  users  and  operators.  The 
penalty  paid  for  this  benefit  is  the  cost  for  more  complex 
terminal  equipment. 

8.2.2  Line  Efficiency 

An  important  consideration  for  communications  lines 
is  the  rate  of  information  transmission  when  allowance  is  ma  • 
for  the  transmission  of  control  characters  and  transmissr  n 
delays.  Line  efficiency  is  an  often  neglected  parameter. 
Frequently,  system  users  who  evaluate  line  efficiencv  r 
a nominal  100  word  per  minute  circuit  operates  at  ef . 
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rates  of  50  to  60  words  per  minute.  For  this  reason,  switch- 
ing system  designers  who  specify  line  protocols  must  take 
pains  to  insure  that  no  unnecessary  delays  are  designed  into 
circuit  operating  procedures.  Low  line  efficiency  is  as  great 
a threat  to  high-speed  as  to  low-speed  operation;  careful  de- 
sign is  needed  in  either  case. 

3.2.3  Quality  Monitoring 

On  circuits  using  ARQ  error  control,  monitoring  of 
the  circuit  quality  can  be  accomplished  inexpensively  at  the 
switching  center.  The  rate  of  retransmission  can  be  related 
directly  to  circuit  quality.  On  multi-point  circuits,  re- 
sponses to  polling  signals  constitute  an  on-line  quality 
measuring  means  which  is  available  a,t  the  switching  center. 
Non-ARQ  point- to-point  circuits  can  be  designed  to  send  test 
messages  (WRU)  during  idle  periods  that  evoke  automatic 
responses  (answerbacks) . These  techniques  all  can  be  utilized 
by  the  computer  switch  to  test  circuit  operability  (con- 
tinuity plus  quality)  without  the  expense  of  automatic  tech- 
nical control  circuit  monitoring  equipment. 

8.2.4  Accountability 

Accountability  procedures  attempt  ho  prevent  loss 
of  messages  on  a transmission  link.  A higher  (and  more  de- 
sirable) degree  of  accountability  immediately  informs  the 
sending  terminal  that  the  transmitted  message  has  been  re- 
ceived. Automatic  message  acknowledgement  is  readily  per- 
formed by  the  computer  message  switch.  That  iS,  the  switch 
will  confirm  to  a message  sender  that  it  nas  satisfactorily 
received  a message.  Automatic  message  acknowledgement  by  a 
terminal  is  possible  for  advanced  types  of  terminals, 
usually  operating  at  higher  speeds  with  ARQ  error  control 
procedures.  When  such  procedures  are  not  used,  it  .is  possi- 
ble for  the  message  switch  to  request  response  signals  from 
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the  receiving  terminal  before  and  after  the  message  is 
transmitted.  This  assures  circuit  continuity  at  these  times, 
but  does  not  guarantee  that  the  message  has  been  received 
intact.  The  use  of  channel  sequence  numbers  is  a method  used 
to  insure  that  messages  are  not  lost.  At  the  message  switch, 
the  sequence  number  for  received  messages  from  any  terminal 
is  automatically  checked  for  continuity.  The  occurrence  of 
an  out-of'-sequence  number  will  immediately  be  detected  and 
cause  an  alarm  or  a service  message.  A similar  check  can  be 
performed  for  messages  received  by  a suitably  designed  termi- 
nal. Conventional  asynchronous  low  speed ’terminals  have  no 
sequence  number  checking  capability.  It  is  necessary  to  rely 
on  the  operator  to  check  sequence  number  continuity. 

The  message  acknowledgement  procedure  is  presently 
accomplished  manually  on  Seiivice  B for  some  types  of  messages 
and  on  AFTN  for  priority  SS  messages  only.  Channel  sequence 
numbers  are  used  on  the  AFTN. 

3.2.5  Survivability 

Certain  types  of  traffic,  such  as  Air  Traffic  Con- 
trol messages,  must  be  successfully  communicated  in  spite  of 
link  outages  which  occur  at  random  throughout  the  network. 

For  this  type  of  traffic,  the  network  must  be  designed  with 
alternate  paths  to  vital  stations  or  with  some  other  form  of 
redundant  circuit  configuration. 

8.3  TERMINAL  CONSIDERATIONS 

While  the  use  of  computer  message  switching  allows 
terminals  of  differing  speeds  and  codes  to  communicate,  the 
network  configuration  restricts  this  latitude.  On  any  single 
multi-point  circuit,  all  terminals  must  operate  with  identical 
speeds  and  codes,  and  use  the  same  line  protocol.  Therefore, 
if  7-level  terminals  are  introduced  while  5-level  equipment 
is  still  in  use,  the  new  terminals  must  either  be  used  on 
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single  terminal  circuits  or  must  be  segregated  in  multipoint 
circuits,  excluding  5-level  equipment. 

Traffic  volume  will  dictate  whether  point-to-point, 
or  multi-point  operation  is  desirable.  A spectrum,  of  traffic 
volumes  from  very  low  to  high  can  be  accommodated  in  accordance 
v/ith  the  following  listing  of  circuit  configurations. 

a.  Low  speed  asynchronous  multipoint 

b.  Low  speed  asynchronous  point-to-point 

c.  Medium  speed  asynchronous  multipoint 

d.  Medium  speed  asynchronous  point-to-point 

e.  High  speed  synchronous  multipoint 

f.  High  speed  synchronous  point-to-point 

The  cost  of  terminals  usually  increases  with  the 
speed  of  operation  (An  exception  is  the  cathode  ray  tube 
terminal  which  is  less  costly  than  an  equivalent  low  speed 
teleprinter,  but  does  not  produce  hard  copy  output).  High 
speed  terminals  are  warranted  when  response  time  requirements 
are  stringent  or  when  traffic  levels  are  high.  The  cost  per 
bit  of  operating  a single  high  speed  terminal  over  a voice 
band  circuit  is  less  than  operating  a multitude  of  low  speed 
terminals  over  100  wpm  circuits,  provided  the  traffic  loading 
on  the  high  speed  terminal  is  at  an  efficient  level.  Accord- 
ingly, as  the  traffic  requirements  of  a single  teleprinter 
equipped  station  increase,  consideration  should  be  given  to 
replacement  by  a high  speed  terminal. 

In  some  instances,  multiple  capabilities  may  be 
required  in  a terminal.  That  is,  there  may  be  a requirement 
for  a cathode  ”ay  tube  display,  a high  speed  printer,  and 
perhaps  some  capability  to  present  message  format  cues  to 
the  terminal  operator.  While  special  terminals  can  be  designed 
for  such  applications  consideration  should  be  given  to  the  us 
of  a small  mini-computer  interface  between  the  communications 
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line  and  the  various  terminal  devices.  This  arrangement 
provides  great  flexibility  in  meeting  present  requirements 
as  well  as  adapting  to  unanticipated  future  requirements. 

The  use  of  an  intelligent  terminal  (such  as  that  described) 

has  the  advantage  of  relieving  the  computer  message  switch  ; 

of  the  loading  required  to  transmit  format  cues  and  other 

data  which  could  be  locally  generated.  This  mini-computer 

interface  approach  also  provides  flexibility  in  permitting 

different  commercially  available  terminal  devices  to  be 

combined  with  the  mini-computer  to  form  a single  multipurpose 

] 

terminal  of  high  capability. 

The  cost  of  terminals  should  not  be  considered  in 
isolation,  but  should  be  viewed  together  with  transmission, 
concentrator,  switching  and  operator  costs.  The  last  is 
of  particular  concern,  since  it  appears  likely  that  operator 

costs  are  of  the  order  of  magnitude  of  transmission  costs  J 

in  a network.  By’  utilizing  the  capabilities  of  the  switch, 
the  concentrators,  and  more  modern  terminals,  there  is  the 
potential  for  reducing  the  operator  workload  and  correspond- 
ingly reducing  costs.  As  an  example,  much  of  the  format 
material  in  a message,  such  as  the  SOM  sequence,  the  sequence 
number,  the  originating  station  identifier,  and  the  EOM 
sequence  can  be  generated  automatically.  These  items  could  be 
supplied  by  the  sending  terminal.  However,  in  cases  where 
modification  or  replacement  of  the  sending  terminal  is  not 
feasible,  certain  items  can  still  be  automatically  provided  by 
the  concentrator.  For  example,  the  concentrator  might  supply 
channel  sequence  numbers  on  outgoing  traffic  and  check  for  the 
continuity  of  channel  sequence  numbers  on  incoming  traffic. 

Thus,  the  design  of  the  NADIN  must  consider  the 
operators,  terminals,  concentrators,  switches  and  transmission 
facilities  as  a system  and  optimize  system  performance  at  the 
lowest  possible  cost. 
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8.4  ADDRESSING  AND  ROUTING  CONSIDERATIONS 

8.4.1  Address  Conventions 

8 . 4 . 1 . 1 Service  R 

Service  B currently  uses  a three-letter  designator 
to  indicate  the  addressee.  The  designator  identifies  the 
station  addressed. 

8. 4. 1.2  AFTN 

AFTN  uses  a six  or  eight- letter  designator  as  follows 


Letter 
1 st 
2nu 

3rd  and  4th 
5th  and  6th 


I d enti f ica tip n 
Geographic  area 
Count,  ry 

ICAO  station  letters 
Aircraft  operating  agencies, 
aeronautical  authorities, 
and  services 

7th  and  8th  Office  code  (if  used) 

8. 4. 1.3  Proposed  NADl'N 

The  proposed  NADIN  network  must  use  an  addressing 
scheme  which  preserves  for  AFTN  operators  the  address  con- 
ventions of  that  network  since  it  operates  in  accordance  with 
ICAO  standards.  Because  of  the  computing  capability  available 
at  the  switches,  concentrators,  and  (in  some  cases)  terminals, 
it  may  be  possible  to  reduce  operator  effort.  Service  B stations 
need  not  use  an  ICAO  format,  since  Service  B and  ICAO  stations 
will  interconnect  via  a computer  switch  or  concentrator  that 
can  perform  address  and  format  conversion.  Even  within  the 
AFTN  network,  techniques  are.  available  for  reducing  the  operator 
work  load. 

8 . 4 . 1 . 3 . 1 Explicit  Address ing 

When  explicit  addressing  is  used,  the  originating 
station  by  some  means  designates  who  the  intended  recipients 
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are.  This  has  been  the  method  used  on  both  Service  B and 
A.FTN.  There  are  methods  available  for  potentially  reducing 
operator  work  load. 

3 . 4 . 1 . 3 . 1 . 1 Abbreviated  Addressing 

Many  stations  send  messages  only  to  a small  sub- 
population of  the  network  terminals.  In  such  cases,  abbrev- 
iated addresses  are  possible.  Depending  on  where  the  nearest 
computing  capacity  is  available,  the  terminal,  the  concentrator, 
or  the  message  switch  can  be  used  to  provide  the  complete 
address  according  to  network  standards.  The  responsible 
computing  function  will  retain  a table  for  each  originating 
station  giving  the  correspondence  between  the  abbreviated 
address  and  the  complete  address  designator. 

8. 4. 1.3. 1.2  Multiple  Addresses 

In  the  AFTN , multiple-address  messages  are  restricted 
to  a number  of  addresses  that  will  not  exceed  one  line  of  the 
message.  Additional  addresses  require  that  a new  message 
oe  composed.  In  NADIN,  this  restriction  can  be  substantially 
relaxed.  Multiple  address  messages  with  many  lines  of  addresses 
can  be  sent  to  the  .message  switch.  There,  the  message  can  be 
recomposed  according  to  ICAO  standards  and  transmitted  as 
several  messages,  each  with  only  one  line  of  addresses. 

8 . 4 . 1 . 3 . 1 . 3 Address  Stripping 

When  multiple  address  messages  are  transmitted  on 
MAD IN , the  message  switch  can,  if  desired,  strip  all  address 
designators  from  a transmitted  message  except  the  address 
to  which  it  is  being  delivered.  This  reduces  the  times 
required  to  print  and  read  the  message  and  (for  Service  B) 
may  reduce  teleprinter  paper  consumption. 

8.4.1. 3.1.4  Group  Codes 

When  certain  groups  of  stations  are  frequently 
addressed  in  a multiple-address  message,  a group  code  can  be 
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used  instead  of  the  individual  addresses.  The  group  codes 
are  stored  in  t.he  message  switch  which  then  generates  the 
individual  messages  to  each  addressee.  This  procedure  reduces 
operator  effort  and  transmission  time  in  sending  such  messages. 
8. 4. 1.3. 2 Implicit  Addressing 

In  some  cases,  certain  stations  invariably  send  a 
message  type  to  a specific  station  or  other  stations.  Then 
it  is  not  necessary  to  address  the  message.  The  addressees 
can  be  deduced  from  the  originator  identifier  and  the  message 
type.  The  message  switch  has  a table  for  each  such  originator, 
by  message  type,  which  contains  the  addresses  for  the  message. 

On  input  to  the  message  switch,  the  address  for  an  implicitly 
addressed  message  need  not  be  included.  The  output  from  the 
message  switch  will  contain  the  message  with  the  proper 
address  inserted. 

8 . 5 MESSAGE  FORMAT 

Since  all  messages  will  pass  through  a message  switch, 
and  since  format  conversion  can  be  performed  at  the  switch, 
it  is  not  necessary  to  use  a single  format  throughout  the 
system.  Although  AFTN  stations  must  continue  to  use  the 
ICAO  format,  Service  B is  not  so  constrained.  Therefore,  the 
options  for  a NADIN  format  are  shown  in  Table  81. 


NADIN 

Service  B Users 

AFTN 

Users 

1. 

ICAO  format 

Service  B format 

ICAO 

format 

2. 

Service  B format 

Service  B format 

ICAO 

format 

3. 

ICAC  format 

ICAO  format 

ICAO 

format 

4. 

New  format 

New  format 

ICAO 

format 

TABLE  8-1 


MESSAGE  FORMAT  OPTIONS 


users . 


Options  1 or  2 would  have  the  least  impact  on  the 
Option  3 would  eliminate  the  need  for  format  conversion. 
Both  the  Service  B and  the  ICAO  formats  were  designed  with 
electro-mechanical  and  manual  switching  procedures  as  a back- 
ground. Therefore,  consideration  should  be  given  to  the  use 
of  a new  NADIN  format  designed  to  operate  efficiently  with 
more  capable  terminals  and  computer  message  switches,  as  well 
as  with  teleprinter  terminals. 

A new  message  format  for  NADIN  would  be  required  to 
achieve  certain  objectives  as  follows: 

a . Operator  interface 

The  new  format  should  be  easily  read  and  used 
by  the  Service  B operators  {AFTN  operators 
will  see  only  the  ICAO  format) . It  should  be 
designed  so  that  it  can  be  readily  understood 
and  does  not  require  a substantial  training 
effort . 

b . Machine  readability 

The  format  must  be  designed  with  proper  heading 
and  ending  delimiters  so  that  it  is  machine 
readable,  as  are  present  Service  B and  ICAO 
formats . 

c . Efficiency 

The  format  should  be  designed  to  minimize  the 
transmission  time  for  a message. 

d.  Flexibility 

The  format  should  be  expandable  or  contractable , 
depending  on  the  application.  It  should  be  adapt- 
able to  many  different  message  types  including 
computer  generated  flight  plans,  weather  collection, 
ARTCC  messages,  service  messages,  etc. 
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APPENDIX  A 
SYSTEM  CONSTRAINTS 

A.l.  INTRODUCTION 

The  initial  phase  of  the  NADIN  is  to  be  a common 
user  network  serving  the  FAA  data  communication  requirements 
currently  being  served  by  the  AFTN  and  Service  B network.  Be- 
cause these  existing  networks  are  well  established,  operation- 
al and  highly  utilized  they  represent  a significant  oper- 
ational investment  in  dollars  and  human  resources.  Their  up- 
grading and  integration  in  the  initial  phase  of  NADIN  not  only 
must  be  done  as  efficiently  as  possible  through  a smooth  evo- 
lution of  operational  procedures  and  hardware  transitions,  but 
it  must  be  done  in  a manner  consistent  with  the  basic  objec- 
tives for  NADIN.  A guiding  principle  is  therefore  the  use  of 
existing  facilities  and  operating  procedures  where  such  usage 
does  not  impair  achievement  of  the  communication  requirements. 
In  this  section,  several  constraints  for  NADIN  designs  are  de- 
veloped on  the  basis  of  the  above  guiding  principle  and  the 
following  observations: 

The  equipment  characteristics  and  operating  pro- 
cedures for  government  and  non-government  terminals 
in  the  existing  networks  are  not  uniform,  prohibit- 
ing indiscriminate  placement  of  terminals  on  multi- 
drop circuits. 

New  terminals,  operationally  consistent  with  ANSI 
standards  and  with  each  other,  will  replace  the 
older  terminals  as  either  traffic  or  operational 
considerations  require. 
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The  constraints  are  defined  by  dividing  the  ter- 
minals into  categories,  where  all  terminals  in  any  particular 
category  are  compatible  to  the  point  of  being  able  to  be  placed 
on  a common  multidrop  circuit,  but  terminals  in  different  cate- 
gories cannot  share  a circuit.  The  basis  for  division  includes 
physical  characteristics  of  the  terminals,  compatibility  of  . 
operating  procedures,  and  administrative  policies.  The  cost 
and  administrative  decisions  required  to  make  terminals  in  dif- 
ferent categories  compatible  are  considered  elsewhere. 

The  categories  are  determined  by  considering  the 
existing  networks,  then  the  impact  of  the  categorization  on 
achievement  of  an  integrated  network  is  appraised.  Finally, 
a summary  statement  of  the  categories  as  constraints  is  pre- 
sented . 

A. 2 SERVICE  B 

A . 2 . 1 General 

The  Service  B system  is  a common  user  low  speed 
teletypewriter  network  used  primarily  for  the  transfer  of  the 
major  share  of  flight  planning  information,  but  also  serving 
a variety  of  other  functional  needs.  The  transmission  of  VFR 
and  IFR  flight  plans  acounts  for  the  bulk  of  the  traffic. 

Other  types  of  messages  involve  safety,  weather,  notices, 
NOTAMS,  emergency  information  and  administrative  matters. 

Table  A-2  lists  message  categories  by  ICAO  precedence  with 
their  handling  requirements. 

A . 2 . 2 Service  B Subnetworks 

The  network  is  composed  of  several  subnetworks 
described  in  terms  of  the  circuits  in  the  subnets.  The  sub- 
nets and  circuits  are  categorized  below: 

Area  B Subnetwork 

Area  B Circuits 
Supplemental  Circuits 
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Utility  B Subnetwork 


Air  Carrier  Circuits 
Military  Circuits 

Center  B Subnetwork 

Center  B Circuits 

Computer  B Subnetwork 

Computer  B Low  Speed  Circuits 
Computer  B High  Speed  Circuits 

The  most  common  circuit  in  Service  B is  a 75  bps 
(100  wpm)  multipoint  line  connecting  Model  28  teletypewriter 
terminals.  Although  the  circuits  have  a common  line  protocol, 
they  may  serve  different  functional  needs.  It  is  on  the  basis 
of  these  differences  that  the  above  categories  are  formed. 

Each  of  the  categories  is  briefly  discussed  below  in  order  to 
form  and  justify  categories  of  terminals  to  be  used  in  con- 
straining the  design  process. 

A. 2 . 3 Area  B 

The  Area  B subnetwork  forms  the  backbone  of  the 
Service  B system.  It  consists  of  approximately  36  multipoint 
send/receive  (S/R)  75  bps  circuits  interconnected  by  a 750 
bps  high  speed  circuit  and  approximately  4 receive  only  (R/0) 
multipoint  75  bps  circuits,  similarly  attached  to  the  750 
bps  high  speed  circuit,  serving  to  relieve  the  heavy  traffic 
load  on  the  S/R  circuits.  The  basic  S/R  circuits  are  called 
Area  B circuits  and  the  R/O  circuits  are  called  supplemental 
circuits.  A functional  diagram  of  the  Area  B subnet  is  shown 
in  Figure  A-l.  A brief  explanation  of  this  diagram  is  given 
below. 

An  Area  B circuit  (1)  is  a half-duplex  (every  de- 


vice hears  all  transmissions)  75  bps  facility.  The  model  28 
teletypewriter  terminals  (2)  are  five-level,  7.42  unit  code  : 
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devices  which  operate  at  75  bps,  and  are  connected  to  the  cir- 
cuit through  stuntboxes  (3) . The  stuntbox  is  an  electrome- 
chanical device  that  provides  the  control  functions  enabling 
polled  operation  and  is  distinguished  from  the  keyboard  and 
printer  elements  composing  the  "terminal". 

The  Area  B circuits  are  terminated  in  a relay  cen- 
ter (4)  which  houses  the  necessary  equipment  to  transfer  mes- 
sages to  and  from  the  high  speed  interconnecting  circuit  (5) . 
Connected  to  the  Area  B circuit  is  an  electromechanical  de- 
vice called  an  Automatic  Polling  Unit  - Low  Speed  (APUL.S)  (6). 

The  APULS  provides  the  polling  discipline  for  the  circuit.  Al- 
so connected  to  the  circuit  is  a low  speed  reperforator  and 
associated  high-speed  transmitter  which  is  coupled  to  the  reper- 
forator through  a paper  tape  loop  and  is  used  to  transfer  mes- 
sages destined  for  terminals  on  other  circuits  to  the  high 
speed  circuit  (7).  Similarly,  there  is  a high  speed  reperfor- 
ator and  low  speed  transmitter  for  transfer  of  messages  from 
the  high  speed  circuit  to  the  low  speed  circuit  (8) . A con- 
trol cabinet  (9)  (for  intracenter  circuit  transfers)  and  Bell 
System  202  data  sets  (10)  for  the  high  speed  circuit  complete 
the  relay  center  equipment. 

The  operation  of  the  circuit  is  as  follows: 

a.  The  APULS  transmits  a polling  sequence  consisting 
of  seven  characters  as  shown  below: 


(Table  A-l  explains  these  symbols  and  others 
used  subsequently.) 
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Control  Character 

Symbol 

< or  ■*- 

4- 

l 

+ or  A 

5 

An  , , etc  . 

Nj , ^ , etc . 

A,  B,  etc. 

DD 

HH 

MM 

* (N)  * 


Symbols  and  Meanings 

Meaning 

line  feed 
carriage  return 
letters  shift 
figures  shift 
space 
blank 

any  alphabetic  character 
any  numeral 

the  actual  character  shown 

numerals  indicating  day  of 
the  month 

numerals  indicating  hour  of 
the  day 

numerals  indicating  minutes 
past  the  hour 

N repetitions  of  the  character  * 
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The  first  three  characters  of  the  polling  se- 
quence (=  < 1)  referred  to  as  a "condition  • 
code"  place  all  the  stunt  boxes  in  a "select 
condition"  permitting  interpretation  of  the 
following  characters  as  an  address  sequence. 

c.  The  two  alpha  characters  are  an  address 
sequence  for  the  terminal  being  polled. 

The  address  sequence  used  to  specify  polling 
(two  letters  followed  by  two  spaces)  is  called 
the  transmitter  start  code  (TSC) . If  the 
terminal  has  no  message  to  send,  it  will  simply 
remain  idle.  The  APULS  will  time  out  after 
approximately  two  seconds  and  advance  to 
poll  the  next  terminal. 

d.  If  the  terminal  polled  has  a message  to  send, 
its  stunt  box  will  recognize  the  TSC  and 
transmission  will  commence  after  the 


completion  of  the  TSC.  The  terminals  not 
polled,  not  having  recognized  a TSC,  return 
to  the  non-select  condition  existing  before 
the  polling  sequence. 

e.  The  transmitted  message  format  is  as  follows: 

< < + k1  A2  A3  <<  = TEXT  + < < = (7)  = N N N N 

The  first  three  characters  are  again  a condition 
code  which  places  all  stunt  boxes  in  a "select 
condition".  (Note  that  the  first  character 
of  this  condition  code  is  the  "<"  rather  than 
the  "="  used  in  the  polling  sequence  condition 
code,  as  the  reset  function  is  not  required  here. 

f.  The  three  letter  address  code  (usually  called 
a "call  directing  code",  or  CDC)  selects  a 
particular  terminal  on  the  circuit  for  recep- 
tion of  the  message.  (Recall  that  all  terminals 
on  the  circuit  will  hear  this  transmission.) 

If  the  message  is  to  be  transferred  to  the 
high  speed  circuit,  the  CDC  is  four  letters, 
the  first  of  which  is  an  X that  is  used  to 
start  the  reperforator. 

g.  After  the  three  character  CDC,  a three  char- 
acter "alignment"  code  (<  < * ) is  transmitted. 
This  code  resets  the  stunt  boxes  of  all  termin- 
als to  the  non-select,  condition  but  leaves  the 
printer  of  the  called  terminal  enabled.  In 
this  way,  an  uncalled  terminal  is  prevented  from 
receiving  a portion  of  the  message  accidentally 
should  the  message  text  contain  a sequence  of 
characters  identical  to  its  CDC.  Following  the 
alignment  code,  either  another  condition  code. 
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CDC , and  alignment  code  sequence,  representing 
another  addressee,  or  the  message  follows. 

h.  In  general.  Service  B message  text  (non- 
computer B)  complies  with  the  following 
format: 

1 . Preamble: 

(a)  Precedence  sign  (see  Table  A-2) 

(b)  Address  identifier  of  destination 
terminal . 

(c)  Message  3-character  sequential 
serial  number. 

(d)  Originating  station  identifier. 

2.  Address : (i.e.,  office  or  individual  to 

which  message  is  to  be  delivered) . 

Omission  indicates  addressee  is  identical 
with  teleprinter  address  identifier. 

3 . Text: 

4 . Signature : 

Transmitted  one  line  below  text  includes: 

(a)  Last  name  of  originator. 

(b)  Reference  number  or  abbreviation  of 
the  originating  office. 

(c)  Date- time  of  origin. 

Some  deviations  from  this  format  are  required 
in  certain  instances. 

i.  Selected  terminals  (and  the  reperforator,  if 
selected)  copy  the  message.  At  the  end  of  the 
message  a page  feed  sequence  of  seven  line 
feeds  and  an  "end  of  message",  EOM,  sequence  of 
four  N's  are  transmitted.  This  trailer 
sequence  serves  to  disable  all  printers. 

j.  The  APULS  also  recognizes  an  idle  line,  followina 

a transmission  of  a message,  and  thereafter  resumes 
its  polling  sequence. 
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k . To  transfer  messages  from  the  high  speed 
circuit,  the  APULS  includes  the  interface 
low  speed  transmitter  on  its  polling  list 
(with  polling  sequence  = < I Q S 5 + H ) . 

The  low  speed  transmitter  responds  analogous 
to  an  ordinary  terminal. 

Codes  associated  with  the  functions  described 
are  listed  in  Table  A-3. 

The  transfer  of  messages  over  the  high  speed 
circuit  begins  with  the  low  speed  interface  reperforator.  After 
this  reperforator  has  punched  a paper  tape  ,of  a message  for 
transfer  over  the  high  speed  circuit,  the  interface  logic  sets 
a messaqe  available  indication.  The  Automatic  Polling 
Unit,  High  Speed  (APUHS)  (11),  polls  each  connecting  high 
speed  circuit  in  a manner  analogous  to  the  APULS  except  that 
interface  circuits  respond  with  a "message  not  available" 
transmission  when  they  have  no  message  rather  than  remaining 
idle.  Thus,  if  the  APUHS  receives  no  response,  it  times  out 
and  initiates  an  alarm.  The  high  speed  circuit  is  a four-wire 
facility  bridged  to  operate  half-duplex  so  that  every  interface 
circuit  can  hear  the  transmissions  on  the  high  speed  circuit 
of  all  other  interface  circuits.  When  a message  is  trans- 
mitted on  the  high  speed  circuit,  the  interface  logic  of  the 
low  speed  circuit  with  the  appropriate  terminal  recognizes 
the  terminal's  address  and  copies  the  message  with  the  high- 
speed reperforator.  The  message  is  then  available  for  trans- 
mission over  the  low  speed  circuit  in  the  manner  described  above. 

The  supplemental  circuits  are  used  to  off-load 
busy  terminals  on  Area  B circuits.  Thus,  messages  transmitted 
on  the  high  speed  circuit  to  be  transferred  to  a location 
served  by  a supplemental  circuit  are  not  copied  by  the  Area  B 
circuit  interface  high  speed  reperforator,  but  rather  by  the 
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TABLE  A- 3 


SERVICE  B ASYNCHRONOUS  CHANNEL  CONTROL  CODES 


1.  Polling  sequence 
condition  code 


3 Characters 


5 < + 


Message  transmission 
condition  code 


3 Characters 


< < \ 


Call  Directing  Code 
(CDC ) 


3-4  Characters 


A1  A3  0t 
XA1  A2  A 3 


4.  Transmitter  Start  Code 
(TSC ) 


4 Characters 


A1  A2 


5.  Alignment  Code 


Characters 


End  of  Line  Code  (EOL) 


Characters 


6.  End  of  Text  Sequence  (EOT) 


4 Characters 


+ < < 


7.  End  of  Message  Sequence  (EOM)  4 Characters 


NNNN 


supplemental  circuit  interface  high  speed  reperforator.  The 
supplemental  circuit  low  speed  transmitter  then  forwards  the 
message  to  the  R/0  terminal.  The  stunt  boxes  associated  with 
the  R/0  terminals  are  programmed  to  accept  messages  in  the 
same  manner  as  the  S/R  terminals.  Clearly,  to  be  of  use,  a 
supplemental  terminal  cannot  be  on  the  same  circuit  as  the 
terminal  it  supplements. 

The  following  two  categories  of  terminals  are  now 

defined : 


Category  A:  Area  B S/R  terminals  operating 

according  to  the  procedures  outlined 
above,  which  will  be  called  proced- 
ures . 


Category  B:  Supplemental  R/0  terminals  operating 

consistent  with  procedures. 


Before  leaving  this  description  of  Area  B,  it  should  also  be 
noted  that  the  NAS  9020  computers  also  have  drops  on  the 
Area  B circuits.  The  computers  also  operate  according  to 
P^  procedures  (but  with  a polling  sequence  of  = < + ZCA^  5). 


A.  2 . 3 . 1 Utility  B 

The  Utility  B subnet  is  used  to  transfer  military 
and  commercial  carrier  IFR  flight  plans  to  the  center  responsible 
for  the  area  in  which  the  flight  originates.  The  circuits  in 
the  subnet  are  75  bps  (100  wpm)  half-duplex  facilities.  They 
are  intended  to  provide  stations  that  have  frequent  daily 
insertions  of  IFR  flight  plans  with  a direct  connection  to 
the  responsible  NAS  9020  computer.  The  message  format  is  that 
prescribed  for  machine  entry  of  flight  plans  directly  into  the 
NAS  9020  computer.  The  circuits  are  terminated  either  in  the 
NAS  9020  computer  or  at  a terminal  where  an  operator  can  easily 
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manually  enter  the  flight  plan  in  the  computer.  Thus,  the 
function  of  the  Utility  B circuits  is  much  narrower  in  scope 
than  that  of  the  Area  B circuits.  There  is  no  connection  of  the 
Utility  B circuits  to  the  high  speed  circuit  interconnecting 
Area  B circuits.  Some  of  the  circuits  are  S/R  and  are  polled 
by  APULS  units,  while  others  are  R/0  at  the  ARTCC.  Some  of  th? 
latter  type  have  been  terminated  in  the  NAS  9020  computer. 

The  Uti  jx  B circuits  are  primarily  intended  for 
military  air  base  operations  offices  (BASOPs)  and  commercial 
carrier  dispatch  offices.  However,  there  are  also  approximately 
33  high-activity  Flight  Service  Stations  (T'SS)  that  are 
served  by  these  circuits  in  order  to  have  additional  capability 
and  a secondary  means  of  distributing  data.  In  addition,  two 
Canadian  centers  are  served  by  Utility  B circuits.  In  general, 
air  carrier  terminals  are  on  multipoint  circuits  at  major  air 
ports  terminated  in  R/0  drops  at  the  responsible  ARTCC; 
consequently  they  do  not.  share  circuits  with  military  terminals. 
All  Utility  B circuits  are  operated  consistent  with  the  P.,  pro- 
cedures outlined  above  for  Area  B circuits.  The  following  two 
categories  of  terminals  are  now  defined: 

Category  C:  S/R  terminals  located  at  BASOPs  or  FSSs, 

dedicated  to  insertion  of  flight  plans 
in  machine  format  and  operating  accord- 
ing to  procedures. 

Category  D:  S/R  terminals  located  at  air  carrier 

dispatch  offices,  dedicated  to  inser- 
tion of  flight  plans  in  machine  format, 
and  operating  according  to  Pn  procedures. 

It  should  be  noted  that  recent  administrative  decisions  have 
been  oriented  towards  expanding  Category  C to  allow  additional 
air  carrier  facilities  to  be  served  by  Utility  B circuits. 

$ 
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The  Center  B subnet  is  composed  of  five  (100  wpm) 
circuits  terminated  in  the  DS  714  AFTN  switch  at  NATCOM  in 
Kansas  City.  The  switch  operates  each  circuit  according  to  the 
procedures  and  provides  for  their  interconnection.  All 
ARTCCs  have  a S/R  drop  on  one  of  the  circuits.  In  addition, 
the  SCC-ARO  (Systems  Command  Center  - Airport  Reservations 
Office)  in  Washington,  D.C.  has  a drop  and, the  record  center  at 
Martinsburg,  West  Virginia  has  a drop. 

The  Center  B network  is  primarily  used  for  the 
exchange  of  flight  movement  and  control  messages  normally  re- 
lated to  IFR  flights  between  the  areas  controlled  by  the  con- 
terminous ARTCCs  and  the  SCC-ARO.  The  following  category  is 
now  defined: 

Category  E:  S/R  terminals  located  in  ARTCCs, 

the  SCC-ARO,  and  the  record  center, 
primarily  used  for  the  exchange  of 
flight  movement  and  control  messages, 
and  operating  according  to  pro- 
cedures . 

A . 2 . 3 . 3 Computer  B 

The  Computer  B network  is  composed  of  low  speed  and 
medium  speed  circuits  interconnecting  all  the  NAS  9020  com- 
puters on  a point-to-point  basis.  The  network  is  intended 
only  for  computer-computer  communications,  is  not  part  of  the 
common  user  message  transfer  system,  and  is  not  included  in  the 
scope  of  this  study. 
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A. 3 

The  Aeronautical  Fixed  Telecommunications  Network 
(AFTN)  is  a world  wide  teletypewriter  communications  system 
intended  primarily  for  the  exchange  of  messages  concerning 
the  safety  of  air  navigation  and  regular,  efficient,  and  e-  - 
nomical  operation  of  international  air  services.  The  AFTN 
provides  communications  service  for  international  aircraii 
movements,  administrative  messages,  and  meteorological  da*,  . 
between  the  U.S.  and  other  International  Civil  Aviation 
Organization  (ICAO)  nations.  Specificeilly  the  categories 
of  messages  handled  by  the  AFTN  are: 

a.  distress  messages  and  distress  traffic  (SS) 

b.  urgency  messages  (SS) 

c.  flight  safety  messages  (FF  to  GG) 

d.  meteorological  messages  (GG  to  JJ) 

e.  flight  regularity  messages  (GG  to  JJ) 

f.  aeronautical  administrative  messages  (JJ) 

g.  NOTAM  - Class  1 distribution  (GG  to  JJ) 

h.  reservation  messages  (KK) 

i.  general  aircraft  operating  agency  messages  LL) 

j.  service  messages  (as  appropriate) 

This  listing  includes,  in  parentheses,  the  level 
of  precedence  range  in  which  each  category  of  message  is  handled. 
Table  A- 4 defines  the  AFTN  precedence  levels. 

The  present  portion  of  AFTN  for  which  FAA  has 
responsibilities  is  divided  into  two  major  areas  - the  North 
Atlantic  and  Caribbean  Area,  and  the  AJashar  and  Pacific  Ar'> 
rhe  Alaskan  and  Pacific  Area  is  served  by  multiple  switching 
centers  at  Anchorage  and  Honolulu.  These  centers  operate 
in  a full  automatic  mode. 
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TABLE  A- 4 

AFTN  PRECEDENCE  LEVELS 


Precedence  Designator  Type  Messages 


1. 

SS 

Emergency  messages  affecting 
safety  of  life  and  property. 

2 . 

DD 

Message  requiring  special  priority 
handling . 

3. 

FF 

Messages  concerning  control  and 
movement  of  traffic.  Flight 
safety  messages. 

4 . 

GG 

Flight  regularity  messages  and 
meteorological  forecasts. 

5 . 

JJ 

Administrative  messages,  meteor- 
ological observations,  and  flight 
regularity  messages. 

and 

KK 

Reservation  messages. 

6. 

LL 

Company  and  operating  agency 
messages . 

In  1970,  the  FAA  replaced  the  manual  switching  centers  ass- 
ciated  with  the  North  Atlantic  and  Caribbean  Area  with  an 
mated  central  distribution  center  at  Kansas  City,  .Missouri 
Its  function  is  the  relay  of  international  meteorological  ar  i 
aeronautical  traffic  originally  relayed  at  each  of  four  loca- 
tions: New  York,  Miami,  San  Juan,  and  Balboa.  These  four 
locations  have  now  become  hubs  which  feed  the  Kansas  City 
center.  The  Honolulu  center  has  been  converted  to  the  same 
type  of  hubbed  operation  as  Kansas  City. 

The  most  common  terminal  in  the  AFTN  is  the  Modex 
23  teletypewriter.  There  is  a large  number  of  point-to-point 
circuits  and  multipoint  circuits.  The  message  format  is 
defined  by  ICAO  standards,  and  is  different  from  that  used  i " 
Service  B.  The  format  is  described  in  detail  in  ICAO  document 
number  7946-AN/868/4 , Amendment  No.  7 (25/5/73),  Manual  of 
Teletypewriter  Operating  Practices.  The  basic  format  has  five 
major  divisions:  heading,  address,  origin,  text,  and  ending. 

These  are  described  briefly  below: 

a.  Heading 

ZCZC-A1A2A3  + N1N~,N3  + ->■-*-+  + *<<  = 
1 2 3 4 5 


1 - Start  of  message  code 

2 - Transmitting  station  identifier 

3 - Message  sequence  number 

4 - Tear  space  (with  manual  switching  syst. 

5 - Alignment  code 


1 - Precedence  designator  (see  Table  A-4) 

2 - Address  location 

3 - Address  organizational  indicator 

4 - Optional  extension  of  address  organiza- 

tional indicator 

5 - Alignment  code 


c.  Origin 


1 - Date  and  time  of  origin 

2 - originating  location 

3 - Originating  organization  indicator 

4 - Optional  extension  of  originating  ora  ii 

zation  indicator 

5 - Alignment  code 

d.  Text 

e.  Ending 

+ <<  = EE  = EE  = = NNNN4-  + + 4 + + 


1 2 3 


1 - End  of  text  indicator 

2 - End  of  message  indicator 

3 - Tear  space  (with  manuai  switching  systems 

only) 

There  is  no  ICAO  standard  describing  polling  procedure  to 
be  used  on  the  AFTN  system.  However,  in  most  of  the  AFTN 
operated  by  the  United  States,  the  polling  procedure  is  a 
modified  version  of  the  Bell  System  83B3  T’ei  etypewri  ter  Selec- 
tive Call  System,  as  described  below. 

a.  The  switching  center  transmits  a two  character 
(A.  P ) TSC  for  the  station  being  polled,  and 
then  initiates  a time-out. 

b.  If  the  polled  station  does  not  have  f message 
to  be  transmitted,  it  transmits  the  character 
"V",  and  after  receiving  this  character,  th 
switching  center  advances  its  poll  to  the  n-  :t 
sta  ti.on . 

c.  If  the  polled  station  has  a message  to  be  tra;  s- 
mitted,  it  first  transmits  an  "Frd  of  Ado. r e 
sequence  (<  E 1)  to  block  all  other  terminc  s 
from  detecting  their  address  in  the  normal 


message  traffic,  and  then  it  transmits  the  message. 


d.  When  the  switching  center  receives  the  "End 
of  Message"  sequence  (N  N N N) , it  resumes 
polling. 

e.  If  che  switching  center  receives  no  response 
during  its  time-out  interval,  it  transmits  the 
"End  of  Message"  sequence  which  resets  all 
terminals  and  causes  an  alarm;  then  it  resumes 
pol ling. 

f.  If  the  switching  center  has  a message  for  delivery 
to  a terminal,  it  transmits  a three  character 

CDC  for  the  terminal  (A^  1)  and  then  waits 

for  receipt  of  a "V"  from  the  terminal  signify- 
ing recognition  of  the  CDC. 

g.  Upon  receipt  of  the  "V",  the  switching  center 
transmits  an  "End  of  Address"  sequence  ( < = 1 ) 
followed  by  the  message. 

The  above  procedure,  with  its  incorporation  of  an  answer-back 
when  a terminal  has  no  message  and  during  switching  center  to 
terminal  message  delivery,  is  substantially  different  from 
the  F 1 procedures  described  for  Service  B.  Furthermore,  since 
all  messages  in  AFTN  must  be  journaled  by  the  switching  center, 
direct  intracircuit  terminal  to  terminal  message  transfers 
are  not  permitted,  even  though  the  circuit  is  half  duplex. 

This  AFTN  procedure  will  be  called  P^.  Since  all  AFTN  terminals 
adhere  to  a common  message  format  and  have  similar  functions, 
it  may  appear  appropriate  to  place  them  all  in  one  category, 
assuming  terminals  on  point-to-point  circuits  could  easily 
be  modified  to  operate  according  to  P0  procedures.  However, 

^rhe  terminals  are  located  in  distant  geographic  regions, 
to  the  point  where  multidrop  lines  of  terminals  in  different 
regions  would  be  inappropriate.  It  is  on  this  basis  that 


t 
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categorization  is  made. 

The  qeographic  regions  served  Hy  AF”'N  circuits 
are  the  conterminous  U.  S.  (CONUS),  Ala^ki,  Pacific,  and 
Caribbean  regions.  In  addition,  there  is  an  interface  with 
the  international  aeronautical  telecommunications  network. 

Each  of  these  regions  as  briefly  described  below  in  order  to 
justify  tne  categories  developed. 

A. 3.1  CONUS 

Within  the  CONUS,  there  exist  AFTN  terminals  on 
seventeen  point-to-point  circuits  and  on  tan  multi -point 
circuits.  Each  multipoint  circuit  connects  several  airlines 
at  a common  airport.  Circuits  are  terminated  in  the 
DS714  sv/itch  at  Kansas  City.  Multiplexers  are  currently 
present  in  New  York,  Miami  and  San  Francisco.  This  arrange- 
ment leads  to  defining  the  following  two  categories  of  termi  ...Is. 


Category  F:  CONUS  AFTN  terminals  not  serving 

airlines  bunched  at  airports. 

Category  G:  CONUS  AFTN  terminals  serving  air- 

lines bunched  at  airports. 

A . 3 . 2 Alaska 

The  terminals  in  Alaska  are  used  for  both  Service 
B and  AFTN  traffic,  but  operate  in  the  AFTN  format.  All  termi- 
nals are  connected  to  a Philips  ES-3  switch  located  in  Ancho- 
rage, which  provides  fully  automatic  teletypewriter  switching 
with  manual  (push  button)  switching  capability  used  when  circuit 
conditions  preclude  fully  automatic  operation.  All  lines  oper.t 
at  speeds  of  100  WPM.  Control  of  transmission  from  and  to  termi- 
nals on  the  various  circuits  as  well  as  the  fully  automatic 
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switching  of  messages  is  performed  by  the  switch.  Only  emergen- 
cy, non-routing  functxons  or  error  conditions  are  called  to  an 
operator's  attention. 

The  Anchorage  ES-3  System  provides  communications 
switching  capabilities  for  the  Alaskan  region  IFSS ' s as  well 
as  a switching  interface  between  AFTN  and  Service  B.  It 
represents  an  integrated  Service  B/AFTN  switching  system  in 
Alaska  and  in  a sense,  is  a precursor  to  the  NADIN  concept. 

In  general,  traffic  originates  and  is  transmitted 

as  follows: 

• Intra-Alaska  (between  t’SS's,  FAA  offices, 

e tc  . . . ) 

• To/From  San  Franscisco 

• To/From  Tokyo 

• To/From  Honolulu  IATSC 

Reports  of  Fixed  Services  Activities  and  peak  hour 

message  forms  have  provided  traffic  data  which  were  supplemented 
by  site  surveys  and  teletype  roll  analysis 


• 

Total  annual  (1973)  traffic 

3 

X 

106 

msgs . 

200 

X 

106 

words 

• 

Average  weekly  traffic 

57 

X 

106 

msgs . 

3 

X 

10 

words 

• 

Average  daily  traffic 

8 

X 

103 

msgs . 

528 

X 

ioJ 

words 

• 

Busy  hour  traffic 

435 

msgs . 

• 

Percentage  of  total  traffic 
sent  to  CONUS 

6% 

• 

Percentage  of  total  traffic 
received  from  CONUS  for 

Alaskan  distribution 

12% 

These  messages  are  transmitted  on  the  following 
categories  of  circuits:  four  multipoint  circuits  serving 

terminals  in  outlying  areas,  a multipoint  circuit  serving 
airlines  in  Anchorage,  a multipoint  circuit  shared  by  Canadian 
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authorities  and  the  United  States  military,  and  approxi- 
mately 21  point-to-point  circuits  in  Anchorage.  This 
arrangement  leads  to  defining  the  following  categories 
of  terminals: 


Category  H: 
Category  1: 
Category  J : 
Category  K: 


Alaska  outlying  terminals. 

Anchorage  non-airline  terminals. 
Anchorage  airline  terminals. 

Canada  and  U.S.  military  terminals. 


A . 3 . 3 Pacific 

The  AFTN  terminals  in  the  Pacific  are  connected 
to  the  switching  center  at  Honolulu,  a Western  Union  Plan  59A. 


A . 3 . 3 . 1 Hawaii 

Honolulu  has  approximately  16  local  point-to-point 
circuits;  two  local  multipoint  circuits  connecting  airlines; 
circuits  to  Pago  Pago,  Midway,  Kwajalein,  Guam,  Anchorage, 
and  Kansas  City;  and  international  circuits  to  Manila,  Fiji, 
and  Japan. 

A total  of  34  circuits  presently  handles  AFTN 
communication  requirements.  A portion  of  the  traffic  is 
non-AFTN  as  weather  data  is  sent  over  these  circuits  for 
redistribution  to  other  stations  connected  to  the  center. 
Circuits  operate  at  speeds  of  60,  67  and  100  KPM . 

A great  variety  or  transmission  links  are  used 
to  interconnect  the  area  stations  with  the  switching  centers, 
e.g.,  sub-voice  grade  land  lines,  satellite  links,  undersea 
cables,  radio  links. 

Undersea  cables  link  the  IATSC  with  Japan,  Guam, 
Manila,  Wake  Island,  Fiji  and  Midway  Islands.  Satellite 
channels  are  used  between  the  center  and  Japan,  NMC  Suitland, 
San  Francisco  and  Anchorage.  Land  line  circuits  provide 
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transmission  capabilities  for  intra-island  communications. 

Two  of  the  circuits  are  multipoint  full  duplex  while  others 
are  half  duplex  or  simplex.  Several  land  line  circuits  are 
operated  in  a simplex  broadcast  mode  where  the  traffic  from 
the  center  is  sent  to  all  stations  on  the  particular  circuit. 

Transmission  with  a station  on  a multipoint  circuit 
under  the  switching  jurisdiction  of  Honolulu  is  accomplished 
by  means  of  the  following  select  code:  two  letter-shift 

characters,  "W",  the  station  alphabetical  identifier 
"A,  B,  C,  etc.",  one  carriage  return  and  one  line  f eed  (4-  +WA<  = ) . 
These  functions  are  automatically  perforated  on  the  outgoing 
tape  preceding  the  start  of  message.  The  two  letter-shift 
characters  , "W" , and  the  correspondent's  identifier 
turn  on  the  receiving  equipment.  The  carriage  return  indicates 
the  end  of  the  select  mode  and  locks  other  equipment  on  the 
circuit.  Line  feeds  act  only  as  a prevention  against  "SOM" 
overlaning  when  more  than  one  terminal  is  selected.  The  EOM 
unlocks  previously  locked  out  terminals.  Group  codes  are  used 
for  simultaneous  transmissions  to  all  terminals  on  the  circuit. 
Devices  on  multipoint  circuits  are  equipped  with  "idle  start" 
and  "transfer  lockout".  The  idle  start  permits  only  one 
sender  to  transmit  at  a time.  The  transfer  lockout  prevents 
terminals  from  receiving  each  other's  transmissions.  Incoming 
messages  must  be  in  proper  ICAO  format  and  contain  the  SOM, 
a three  letter  indicator,  channel  number  , text  and  a valid  EOM. 

The  Honolulu  IATSC  is  the  extension  of  AFTN  in  the 
Pacific  area.  Its  geographical  location  as  well  as  its 
switching  capabilities  have  placed  it  as  the  Pacific  hub 
responsible  for  the  orderly  exchange  of  air  services  messages  in 
that  area.  As  shown  below  a large  portion  of  the  traffic 
handled  by  the  Honolulu  IATSC  is  destined  to  intra-Pacific  loca- 
tions. A quarter  of  the  total  data  communication  load  is 
received  from  or  relayed  to  the  CONUS. 


i 
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Reports  of  Fixed  Services  Activities  and  peak  hour 
message  forms  collected  at  the  Honolulu  IATSC  along  with 
on-site  surveys,  have  revealed  the  follow  ng  traffic  information. 


Total  annual  (1973)  combined 

t ; 

AFTN/MET  traffic 

6 

X 

106 

msgs . 

523 

X 

106 

words 

• 

Average  weekly  traffic 

155 

X 

msgs . 

10 

x 

106 

words 

* 

Average  daily  traffic 

22 

X 

!°ij 

msgs . 

1.5 

X 

ior’ 

words 

• 

AFTN/MET  busy  hour  traffic 

768 

msgs . 

• 

AFTN  busy  hour  traffic 

600 

msgs . 

c 

Average  message  length 

3 00 

char . 

* 

Percentaoe  of  total  traffic 

send  to  CONUS  for  redistribution 

17% 

* 

Percentage  of  total  traffic 

received  from  CONUS  for 

Pacific  distribution 

8% 

A. 3. 3. 2 Other  Pacific  Switches 

The  switches  at  Guam,  Wake  Island,  and  Pago  Pago 
appear  to  have  a minimal  AFTN  role,  serving  primarily  as 
relay  points  for  the  Honolulu  circuits.  There  is  a multi- 
point circuit  connecting  airlines  at  Guam.  This  arrangement 
leads  to  defining  the  following  categories: 

Category  L:  Hawaiian  Island  non-airline  terminals. 

Category  M:  Honolulu  airline  terminals. 

Category  N:  Pacific  outlying  terminals. 

A . 3 . 4 Car ibbea n 

The  Caribbean  AFTN  terminals  are  on  circuits  hubbed 
at  a multiplexer  in  San  Juan.  There  cire  five  local  point-to-point 
circuits,  plus  a point-to-point  circuit  to  Guantanamo  Bay, 
and  two  local  multipoint  circuits  connecting  airlines.  This  leads 
to  the  following  twc  categories  being  defined: 
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Category  0:  Caribbean  government  terminals. 

Category  P:  Caribbean  non-government  terninals. 

A. 3. 5 International 

The  AFTN  network  is  international  in  scope.  The" 
portion  operated  by  the  United  States  interconnects  with  por- 
tions operated  by  other  nations  at  many  points.  The  inter- 
connecting circuits  are  not  considered  available  for  optimiza- 
tion as  part  of  NADIN.  These  circuits  will,  however,  impact 
the  traffic  load  to  be  handled  by  switches  within  NADIN. 

They  include  circuits  to  Balboa,  Bermuda,  Montreal,  Lisbon, 
Tokyo,  Manila,  Fiji,  and  a series  of  circuits  hubbed  at  San 
Tuan  in  the  Caribbean. 

A. 4 NADIN 

A basic  objective  for  NADIN  is  the  integration  of 
the  existing  Service  B and  AFTN  facilities  into  a single  common 
user  network.  However,  the  discussion  of  the  existing  networks 
presented  above  outlined  fifteen  categories  of  terminals, 
each  category  in  some  sense  being  distinct  and  incompatible  with 
other  categories.  A fundamental  question  is  the  impact  of 
such  different  categories  on  the  achievement  of  an  integrated 
network.  In  this  section,  a basic  structure  for  NADIN  is 
outlined  and  is  then  related  to  the  above  categories,  shown  to 
be  consistent  with  the  guiding  principle  outlined  in  the 
first  section,  and  used  to  form  new  categories  of  terminals 
for  investigating  alternative  network  architectures  for  NADIN. 

In  terms  of  topology,  NADIN  may  be  viewed  as 
composed  of  the  four  AFTN  geographic  regions;  each  region 
deserving  consideration  in  its  own  right,  but  also  having  to 
be  interconnected  with  the  others  and  having  to  be  locally 
consistent  with  the  global  objectives  for  an  integrated  common 
user  network.  As  a message  transfer  system,  NADIN  requires  at 
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least  one  switching  center  to  perform  the  transfer  of  messages 
between  circuits  and  to  fulfill  the  journaling  requirements 
for  AFTN  messages.  For  reliability,  site  redundancy  should 
be  present,  suggesting  at  lease  two  such  centers.  Beyond  this 
minimal  requirement,  the  need  for  other  centers  is  to  be  a 
part  of  this  study.  Thus,  each  region  may  be  serviced  by  none, 
one,  two,  or  more  switching  centers,  so  long  as  there  are  at 
least  two  centers  in  a reliable  configuration  for  the  total 
NADIN.  Some  preliminary  considerations  of  NADIN  as  a total 
system  make  the  options  considerably  more  precise.  The  cate- 
gories  for  use  in  the  design  process  are  developed  on  the  basis 
of  the  regional  considerations. 


A . 4 . 1 


Prel iminary  Considerations 


For  conceptual  purposes,  consider  the  design  problem 
in  its  most  basic  form:  a set  of  terminal  sites  widely 

dispersed  over  the  four  regions  defined  above,  with  a basic 
requirement  for  each  terminal  to  be  able  to  communicate  with 
each  other  terminal.  Traffic  requirements  will  restrict  the 
number  of  terminals  that  can  be  placed  on  a single  multidrop 
circuit.  The  dispersion  of  terminals,  coupled  with  this 
restriction,  makes  it  economically  attractive  to  place  con- 
centration facilities  at  locations  wh-=re  they  can  be  used  to 
reduce  the  cost  of  connecting  the  circuits  to  switching 
centers.  In  this  context,  switching  centers  nay  also  be  viewed 
as  concentration  facilities  for  connection  of  terminals  to 
other  switching  centers.  Thus,  the  concentration  facilities 
may  be  any  of  the  following: 

• multiplexer, 

• concentratoi , 

• concentrator  with  switching,  but  without 
journaling , 

• switching  center,  complete  with  journaling. 
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A functional  description  of  each  of  these  devices  is  given  in 
a later  section. 

For  reliability,  each  of  the  facilities  of  the 
first  three  types  should  be  able  vo  communicate  with  at  least 
two  switching  centers,  with  one  communication  path  over  a 
dedicated  leased  line  and  the  other  possibly  being  a dial-up 
backup  line.  The  switching  centers  should  be  able  to  assume 
the  load  of  any  failed  centers. 

Because  of  the  geographic  immensity  of  the  CONUS 
and  the  large  number  of  terminals  and  traffic  in  this  region, 
at  least  two  switching  centers  are  required.  In  Alaska  and 
the  Pacific,  there  are  considerably  fewer  terminals,  corre- 
spondingly less  traffic,  and  geographic  considerations  that 
make  at  most  one  switching  center  feasible  for  Alaska  at 
Anchorage  and  one  switching  center  feasible  for  the  Pacific 
at  Honolulu.  It  may  be  more  attractive  to  use  one  of  the  other 
concentration  alternatives  at  these  locations.  In  the 
Caribbean,  the  small  number  of  terminals  and  traffic  can  only 
justify  either  a multiplexer  or  a concentrator.  The  functional 
alternatives  for  the  overall  network  are  displayed  in 
Figure  A-2.  In  this  arrangement,  integration  will  be  achieved 
through  the  capability  of  the  switching  centers  and  concentra- 
tors to  perform  code  conversion  and  to  carry  out  the  different 
line  procedures  necessary  to  operate  circuits  with  different 
categories  of  terminals. 

The  design  task  for  the  overall  network  can  be 
divided  into  two  parts;  design  of  the  subnet  within  each 
region  and  the  interconnection  of  the  regions.  These  two 
parts  are  not  independent;  however,  it  is  appropriate  to 
consider  some  of  the  constraints  on  terminal  connection  to 
concentration  facilities  on  a regional  basis.  These  constraints 
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are  developed  below  in  the  form  of  thc'  c.  ! egones  described 
above.  However,  before  proceedinq  to  this  development,  it 
should  be  noted  that  a new  ca4enoiy  of  t vmmal  will  be 
present  in  NAD IN  that  is  not  present  in  the  existing  systems. 

This  is  the  category  of  medium  speed  terminals  using  the 
seven  level  ITA  #5  code  and  operating  consistently  with  ANST 
standard  procedures  (which  will  he  called  P.^  procedures). 

These  terminals  will  replace  Model  28  teletypewriter  terminals 
as  either  traffic  or  operation  considerations  warrant  and  can 
be  interconnected  whether  serving  primarily  AFTN  or  service  B 
users.  Thus,  they  are  the  basic  terminals  for  the  integrated 
network,  and  are  the  basis  for  defining  the  following  category: 

Category  0:  Seven  level  ITA  #5  medium  speed  terminals 

operating  with  P.,  procedures. 


A. 4. 2 CONUS 


Within  the  CONUS, circuits  from  terminals  will  be 
connected  to  either  multiplexers,  concentrators,  or  concen- 
trators with  switching.  The  generic  term,  concentration  facility 
(CF) , will  be  used  to  describe  such  devices.  The  existing 
categories  of  terminals  to  be  connected  to  CFs  are  A,  B,  C,  C, 

E,  F,  and  G.  In  addition,  erminals  in  Category  Q are  to  be 
included.  Furthermore,  the  NAS  9020  computers  should  be  on 
circuits  connected  to  CFs  in  order  that  terminals  may  have 
access  to  the  computers  The  existing  categories  have  evolved 
due  to  a number  of  different  reasons.  However,  in  considering 
the  design  of  NADTN,  it  is  appropriate  to  consider  the  re- 
quirements in  terms  of  loca'ions  which  must  be  provided  service 
using  existing  equipment,  where  practical,  and  not  in  te  'ms 
of  simply  serving  all  existing  terminals.  rT'hi;s,  categories 
A,  B,  and  E are  operational! y compatible,  and  should  be  consider  ■ 
as  defining  a single  category  of  locations  to  be  served  by 
either  existing  terminals  or  n>  w terminal^  (Category  Q)  . T>  ' 
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CONUS 


F I CURE  A - 2_. FUNCTIONAL  A LTS  PLAT  IVES  FOR  NAD  IN 

LEGEND 

,C  - Switch  Center 
CS  - Concentrator  with  Switch 
- Concentrator 
M - Multiplexer 
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category  of  locations  i s formally  defined  below- 

Category  1 All  Are_i  i,  S elemental  B,  and 
Center  B locations. 

The  existing  Categories  C (BA50Ps)  and  U (Airlines)  are  to  be 
extended  in  NADIN  to  permit  general  access  to  the  network  as  . 
well  as  to  simply  file  flight  plans  to  the  NAS  9020  computers. 
However,  circuits  serving  SASOPs  arc  to  have  onlv  BASOPs  con- 
nected, for  privacy'  reasons.  The  locations  of  terminals 
serving  airlines  in  Category  L overlap  with  those  in  Category  G 
Although  operating  procedures  tr  these  two  categories  are 
Incompatible,  c'  aige  t a coin  ' rule  procedure  is  considered 
appropriate,  ,nd  thus,  these  two  ca  egories  will  be  merged 
together  as  a single  -ategory . Because  these  terminals  are 
naturally  bunched  at  airport",  thev  will  be  considered  as  a 
separate  category  from  the  FAA  terminals.  Thus,  the  following 
twe  categories  are  define  i . 

Category  2:  Axl  SACOPs  current1  y served  by 

Service  B circuits. 

Category  3:  All  airline  locations  currently  served 

by  Service  P circuits. 

The  last  category  to  be  included  is  that  of  tne  AFTN  terminals 
ir.  the  CONUS.  These  terminals  art  - sid  tinot  fro 

the  above,  and  thus  define  another  category  as  below-: 

Category  4:  Aix  AFTN  terminals  with  the  CONUS. 

It  should  he  noted  that  Cat  .-gory  Q rr.ii. nals  (medium  - peed  <NCI 
c<  nsist<  will  be  drawn  from  categories  one  and  f<  u 
design  considerations  warrant.  Thus,  wit'-  in  the  CONUS,  four 
categories  of  termin  loca  to.  s re  defined.  Figure  A- 3 shows 
the  functional  relatio  of  these  categories  to  the  NADIN  structure 
within  the  CONUS. 
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Alaska 


The  existing  Alaskan  terminals  have  been  placed 
in  four  categories:  H,  I,  J,  and  K.  The  last  category,  K, 

■on; ists  of  terminals  on  a circuit  shared  by  the  Canadian 
and  U.S.  military  establishments.  This  circuit  is  not  to 
be  considered  in  the  scope  of  this  study.  Of  the  other  three 
ategories,  all  terminals  are  compatible.  However,  Category 
H,  containing  the  outlying  terminals,  is  the  only  category 
of  interest  for  the  topological  design.  Category  J contains 
the  ai  'line  multipoint  terminals  which  are  all  located  at  the 
Anchorage  airport  and  Category  I contains  terminals  served 
by  point-to-point  circuits  in  the  Anchorage  vicinity.  These 
terminals  (Category  I)  may  be  placed  on  multipoint  circuits 
if  warranted  by  I/O  port  costs  or  multiplexing  channel  costs, 
but  will  not  significantly  affect  the  topological  design. 

Thus,  these  three  categories  will  remain  fixed,  and  simply 
relabeled  as: 

Category  5:  Alaska  outlying  locations. 

Category  6:  Anchorage  non-airline  locations 

Category  7:  Anchorage  airline  locations. 

A . 4 . 4 Pacific 

The  Pacific  situation  is  very  analogous  to  Alaska. 
Thus,  the  three  categories  of  terminals  are  retained,  and 
simply  relabeled  as  follows: 

Category  8:  Hawaiian  Island  non-airline  locations. 

Category  9:  Honolulu  airline  locations. 

Category  10:  Pacific  outlying  locations. 

Only  the  last  category  is  of  interest  in  the  topological  design. 
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LEGEND 

SC  - Switch  Center 


Category  3 


Q 


CF  - Concentrator  Facility 


FIG  [JR  3 A- 3 F NCTIOMAL  DIAGRAM  OF  MAD  IN  CONTERMINOUS 

Li . 3 . DESIGN 
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Caribbean 


The  Caribbean  situation  is  very  simple.  There 
is  only  one  terminal  location,  outside  of  San  Juan,  the 
Guantanamo  Bay  location.  All  other  terminals  are  either  on 
point-to-point  circuits  in  San  Juan  or  are  on  multipoint 
circuits  serving  the  airlines  at  San  Juan.  Thus,  the  follow- 
ing two  categories  of  terminal  locations  are  defined,  based 
on  the  existing  system: 

Category  11:  Caribbean  non-airline  locations. 

Category  12:  Caribbean  airline  locations. 

A . 5 SUMMARY 

NADIN  is  to  provide  an  integrated  telecommunications 
service  to  locations  distributed  in  four  major  regions.  In 
order  to  use  existing  equipment  within  each  region,  twelve 
categories  of  terminals  have  been  defined  that  permit  design 
based  on  existing  facilities  and  operational  restrictions. 

For  locations  requiring  terminals  other  than  those  currently 
available,  a medium  speed,  ANSI  consistent  terminal  will  be 
used.  The  twelve  basic  categories  are  summarized  below: 

• CONUS 

1.  All  Area  B,  Supplemental  B,  and  Center  B 
locations . 

2.  All  BASOPs  currently  served  by  Service  B 
circuits . 

3.  All  airline  locations  currently  served  by 
Service  B circuits. 

4.  All  AFTN  terminals. 

• Alaska 

5.  Alaska  outlying  locations. 

6.  Anchorage  non-airline  locations. 

7.  Anchorage  airline  locations. 
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8.  Hawaiian  Island  non-airline  locations. 

9.  Honolulu  airline  locations. 

10.  Pacific  outlying  locations. 

• Caribbean 

11.  Caribbean  non-airline  locations. 

12.  Caribbean  airlrne  locations. 

A listing  of  all  locations  in  these  categories  is  contained  in 
Appendix  H. 


APPENDIX  B 


TOPOLOGICAL  CONSTRAINTS 


B . 1 INTRODUCTION 

As  part  of  the  NAD IN  design  process,  various  to- 
- '‘logics  of  circuits  interconnecting  terminals,  concentration 
facilities  (CFs)  and  switching  centers  (SCs)  have  been  consi- 
dered. There  are  many  constraints  on  the  topologies  deter- 
nined  ; ora  traffic,  performance,  and  reliability  considera- 
ticns.  However,  there  are  many  practical  considerations  on 
the  feasibility  of  obtaining  circuits  that  also  lead  to  con- 
straints on  the  topologies.  There  are  also  practical  consi- 
derations that  simplify  the  topological  design  process.  In 
this  section,  these  various  practical  considerations  and  their 
impact  on  the  NADIN  topology  design  process  are  discussed. 

B . 2 LOCAL  CIRCUIT? 

There  are  several  situations  in  which  terminals 
are  located  in  immediate  proximity  to  one  another.  These  sit- 
uations are  easily  divided  into  two  categories:  airline 

terminals  at  airports  and  terminals  collocated  with  a CF. 

The  circuit  layout  for  such  terminals  is  primarily  dictated 
by  local  cost  considerations  and  the  cost  of  connecting  cir- 
cuits to  a CF.  The  two  categories  are  discussed  below. 

3 . 2 . 1 Airline  Terminals  at  Airports 

In  the  existing  AFTN  and  Service  B networks,  there 
are  more  than  24  multipoint  circuits  serving  airlines  at  14 
locations.  For  purposes  of  considering  topological  alternatives 
for  NADIN,  the  terminals  may  be  considered  as  a single  location 
requiring  a number  of  circuit  terminations  based  on  their  exist- 
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ing  configurations  and  projected  traffic  loads.  Thus,  in 
the  NADIN  design  process,  these  terminals  are  replaced  by 
single  nodes  on  a per  circuit  basis.  The  listing  in  Appendix 
H are  based  on  such  consolidated  nodes. 

B . 2 . 2 Terminals  Colocated  with  a Concentrator  Facility 

In  the  existing  AFTN  and  Service  B networks,  there 
are  several  locations  at  which  terminals  in  the  immediate  vi- 
cinity of.  a CF  have  been  conveniently  connected  to  the  CF  on 
a point-to-point  basis.  These  terminals  could  be  placed  on  a 
multidrop  circuit,  but  there  is  little  topological  impact  by 
so  doing.  However,  there  would  be  an  impact  on  the  number 
of  I/O  ports  used  at  a CF  and,  if  the  CF  is  a multiplexer, 
there  would  be  an  impact  on  the  number  of  channels  which  must 
be  derived.  The  impact  of  these  alternatives  is  best  appraised 
in  terms  of  particular  situations,  as  they  depend  on  availa- 
bility of  ports,  local  cost  factors,  and  equipment  character- 
istics. However,  for  the  purposes  of  this  study,  it  is  appro- 
priate to  simply  consider  all  terminals  in  the  same  category 
at  a common  location  near  a CF  eligible  for  placement 
on  a local  multipoint  circuit,  subject  to  the  usual  perfor- 
mance and  traffic  constraints. 

B . 3 INTRAREGION  CONSTRAINTS 

In  order  to  determine  topological  constraints  on 
practical  considerations  of  obtaining  circuits,  it  is  appro- 
priate to  view  NADIN  as  composed  of  four  distinct  geographic 
regions:  Conterminous  U.  S.  (CONUS),  Alaska,  Pacific,  and 

Caribbean.  Within  each  of  these  regions,  there  are  practical 
considerations  affecting  the  availability  of  circuits.  These 
considerations  are  discussed  below  on  a regional  basis.  In 
the  next  section,  the  acquisition  of  circuits  interconnecting 
the  regions  is  considered. 
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CONUS 

Within  the  CONUS,  circuits  connecting  any  two 
points  are  usually  obtained  with  little  difficulty.  Although 
no  direct  path  may  exist  between  the  points,  the  tariffs  are- 
generally  based  on  point- to-point  distances  derived  from  the 
customer's  topological  design,  not  on  the  distance  of  the 
physical  layout  of  the  channels  as  provided  by  the  telephone 
company.  However,  there  are  practical  considerations 
relative  to  the  FAA  that  may  constrain  acceptable  topologies. 

The  FAA  has  divided  the  CONUS  into  20 
regions  of  air  traffic  control  (ATC)  responsibility,  as  shown 
in  Figure  B-l . In  each  region  there  is  an  Air  Route  Traffic 
Control  Center  (ARTCC ) responsible  for  the  ATC  functions  in 
its  region.  The  ARTCC  is  a major  FAA  installation;  it  usually 
houses  the  centralized  facilities  and  personnel  responsible 
for  general  system  maintenance  within  its  area.  Furthermore, 
the  ARTCC  also  houses  the  NAS  9020  computer  to  which  all 
flight  plans  of  flights  originating  in  its  region  are  to  be 
directed.  Thus,  the  ARTCC ' s are  considered  to  be  prime 
candidate  sites  for  location  of  concentration  facilities. 
Furthermore,  because  the  regions  correspond  to  areas  of 
operational  responsibility  and  because  most  traffic  from  a 
Flight  Service  Station  (FSS)  will  be  directed  to  the  ARTCC 
in  its  region,  it  is  considered  attractive  for  circuits  to  be 
constrained  on  a regional  basis.  That  is,  all  terminals  in 
a region  are  to  be  connected  to  circuits  entirely  contained 
in  the  region  (provided  there  is  a CF  in  the  region) . This 
constraint  is  administrative  in  nature;  it  is  to  be  considered 
as  a design  option  for  comparison  to  the  unconstrained  case, 
where  cost  differences  and  other  factors  will  determine  the 
final  decision.  The  following  statement  is  a formal  spe- 
cification of  the  constraints  for  this  option,  which  will  be 
called  the  ARTCC  constraint  option. 
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ARTCC  Constraint  Option 


1.  Every  ARTCC  is  to  have  a concentration 
facility  of  some  form. 

2.  All  terminals  in  the  region  of  responsi- 
bility of  an  ARTCC  are  to  be  connected  to  the 
CF  at  the  ARTCC. 

This  option  differs  from  the  unconstrained  case  in  both  cost 
and  traffic  characteristics  for  the  high  level  side  of  the 
network.  These  differences  are  appraised  elsewhere.  The  lo- 
cations subject  to  this  constraint  (Category  1)  are  listed 
in  Appendix  H on  a regional  basis. 

B . 3 . 2 Alaska 

The  immense  size  of  Alaska,  coupled  with  its 
sparse  population  and  difficult  terrain,  places  severe  phy- 
sical constraints  on  the  interconnection  of  locations  in  the 
remote  regions.  However,  the  structure  of  the  tariff  for 
Alaska  appears  to  be  based  on  point-to-point  distances  de- 
rived from  the  customer's  topological  design,  and  not  the  phy- 
sical routing  of  the  circuits.  Thus,  the  design  process  can 
proceed  under  the  assumption  that  topological  optimization  is 
appropriate. 

B . 3 . 3 Pacific 

The  locations  to  be  served  by  NADIN  in  the  Paci- 
fic can  be  divided  into  two  groups:  those  in  the  Hawaiian  Is- 

lands and  those  in  the  outlying  islands.  The  interconnec- 
tion of  points  in  the  Hawaiian  Islands  is  governed  by  local 
facilities  and  tariffs  and  is  not  of  topological  significance. 
The  interconnection  of  points  in  the  outlying  islands  is  con- 
siderably constrained  by  the  presence  of  existing  facilities. 
The  options  available  are  listed  below. 
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Guam 

Cable  to  Wake  Island 
Radio  to  Wake  Island 


Kwa  jalein 


Radio 

to 

Honolulu 

Pago 

i ago 

Radio 

to 

Honolulu 

Radio 

to 

Fiji,  cable  from  Fiji  to  Honolulu 

Wake 

Island 

• 

Cable  to  Honolulu 
Radio  to  Honolulu 


B . 3 . 4 Caribbean 

The  Caribbean  is  a particularly  simple  region 
for  topological  consideration.  All  but  one  of  the  locations 
of  interest  are  in  the  immediate  vicinity  of  San  Juan,  and  con- 
sequently governed  by  local  tariffs.  These  are  not  of  topo- 
logical significance.  The  remaining  point,  Guantanamo  Bay,  is 
constrained  to  a radio  channel  to  San  Juan.  It  should  be  noted 
that  there  are  several  international  points  in  the  Caribbean 
region  which  could  be  of  topological  interest.  However,  the 
topology  of  circuits  connecting  these  points  is  not  within 
the  scope  of  this  study. 

B.4  INTERREGION  CONSTRAINTS 

The  four  regions  of  NADIN  described  above  are  geo- 
graphically disjoint.  The  options  available  for  the  intercon- 
nection of  these  regions  are  determined  by  the  presence  of 
existing  communication  facilities  The  options  are  described 
below. 
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Cable  between  Honolulu  and  Anchorage 
Satellite  between  Honolulu  and  Anchorage 

Pac  if ic-CONUS 

Cable  between  Honolulu  and  San  Francisco 
Cable  between  Honolulu  and  Los  Angeles 
Satellite  between  Honolulu  and  San  Francisco 

Axaska-CQNUS 

LOS  microwave  combined  with  cable  from  An- 
chorage to  Seattle 

Satellite  between  Anchorage  and  Seattle 
LOS  microwave  between  Anchorage  and  Montana 

CONUS-Car ibbean 

Cable  between  Miami  and  San  Juan 

Cable  and  microwave  facilities  are  to  be  preferred  over  satel- 
lites where  economics  permit  due  to  the  propagation  delay 
in  satellite  systems  (about  500  ms  in  a roundtrip) . 
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TRAFFIC  CONSIDERATIONS 


C.l  INTRODUCTION 

In  order  to  design  a cost-ef f ective  integrated 
network,  appropriate  traffic  information  describing  the  ex- 
pected load  for  the  network  is  required.  However,  it  should 
be  emphasized  that  proper  network  design  is  not  based  direct- 
ly on  detailed  information  of  traffic  flows  at  a message-by- 
message level.  Any  network  designed  on  such  a basis  would 
never  be  able  to  survive  the  uncertainties  expected  in  actual 
idf ' ic  flow  in  the  real  world  of  a dynamic  network.  Thus, 
m the  NADIN  design  process,  the  traffic  projections  on  a per 
station  basis  are  used  to  establish  the  equipment  and  circuit 
requirements,  and  the  resulting  designs  are  carefully  ap- 
praised for  sensitivity  to  traffic  variations  and  growth. 

An  appropriate  traffic  portrait  for  use  in  de- 
signing networks  such  as  NADIN  includes  considerations  of 
message  length  distribution,  distribution  of  message  arrivals 
at  terminals,  the  rates  at  which  messages  arrive  at  the  ter- 
minals, and  the  source-destination  characteristics  of  the 
messages.  It  is  often  both  impossible  and  inappropriate  to 
determine  and  use  these  traffic  characteristics  in  detail. 

As  noted  above,  the  network  design  should  be  insensitive  with 
respect  to  changes  in  these  characteristics,  which  will 
occxir  as  the  system  evolves.  However,  it  is  necessary  to 
formulate  a reasonable  portrait  of  the  traffic  characteris- 
tics in  order  to  determine  the  necessary  capacity  of  network 
components.  In  the  sections  which  follow,  such  a portrait 
is  derived. 
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C.2  MESSAGE  LENGTH  DISTRIBUTIONS 

Terminals  in  the  NADIN  are  expected  to  handle  sev- 
eral different  categories  of  messages,  including  all  those 
currently  handled  by  Service  B and  AFTN  terminals,  and  possi- 
bly some  new  categories. 

The  massage  length  distributions  for  the  two  dif- 
ferent existing  systems  are  different,  due  to  differences  in 
both  format  and  content.  However,  current  administrative 
policies  are  directed  at  making  the  basic  message  formats 
consistent.  Furthermore,  although  initially  the  existing 
terminals  will  serve  primarily  their  present  roles,  the  evolv- 
ing integration  of  the  network  will  lead  to  terminals  servina 
more  general  functions.  With  these  considerations  in  mind 
and  with  an  objective  of  developing  a suitably  general  por- 
trait, it  appears  that  a common  message  length  distribution 
for  all  terminals  is  appropriate.  To  develop  this  distribu- 
tion, consideration  is  first  given  to  the  existing  networks, 
and  then  to  the  integrated  network. 

C . 2 . 1 Service  B 

The  MITRE  Corporation  has  described  Service  B 
traffic  in  two  reports,  MTR  4158  and  MTR  1673.  In  MTR  4158 
report,  the  traffic  was  characterized  with  contingency  tables 
of  message  type  categories  and  origin-destination  categories. 
MTR  1673  concluded  that  message  lengths  within  each  category 
were  consistent  (few  percent  variation) . The  average  lengths 
by  category  are  given  in  Table  2.6  of  Ml R 1673  (Table  C-l 
here) . Furthermore,  the  frequency  distribution  of  the  cate- 
gories was  consistent,  as  shown  in  Table  3.10  (Table  c-2 
here) <,  However,  the  frequency  distribution  of  the  origin- 
destination  categories  was  found  to  be  invalid,  and  it  is 
precisely  this  information  which  is  needed  to  link  the  tables 
together  to  produce  a message  length  distribution.  In  order 
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TABLE  C-l:  MEAN  MESSAGE  LENGTHS  FROM  TOTAL  SAMPLE 


DATA.  l'OR  X-  TOST  Or  TOTAL  SAMI”. 


I 


l 


TABLE  C-2:  DATA  FOR  TOTAL,  SAMPLE 


to  appraise  this  data,  we  have  calculated  the  mean,  standard 
deviation,  and  coefficient  of  variation  for  each  column  of 
Table  2.6  of  the  1673  report,  using  the  updated  frequency 
distributions  of  Table  3.10.  These  results  are  shown  in 
Table  C-3.  These  data  were  gathered  at  a time  when  the  do- 
mestic message  format  was  as  follows: 


<<4-  Ax  A2  A3  <<=  header 


(TEXT) 

4-<<  = 


where 


< - Carriage  return 

4-  - Letters  shift 

A^  - Alpha  character 

= - Line  feed 

Thus,  every  message  had  a constant  overhead  of  at  least  29 
characters.  In  order  to  be  conservative  and  consistent  with 
the  above  observations,  the  message  length  model  used  in  this 
t’  d\  is  composed  of  a constant  overhead  plus  random  length 
text,  where  the  distribution  for  the  text  is  exponential. 
Thus,  the  message  length  distribution  for  domestic  traffic 
is  a biased  exponential  with  general  form: 
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MESSAGE  LENGTH  STATISTICS 
(Characters ) 
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STATION-COMPUTER  STATION -STATION 

IFR  VFR 


Mean 

78.1 

58.4 

54.1 

Standard 

Deviation 

42 

35 

27.7 

Variance 

.54 

.60 

.512 

TABLE  C-3 : 

DOMESTIC 

MESSAGE  LENGTHS 

i > 


where , 

k - Constant  overhead 

- Average  total  message  length 

FL^(£)  - Prob  (message  length  < £ characters) 

The  density  function  for  this  distribution  is  analytically  ex- 
pressed as: 

l - k 
1 ‘ Ll"  k 

f(X-)  = L _ ^ e 1 u (l  - k)  • 

and  has  the  appearance 


ihe  mean  is 


/ °°  If  (Si)  d»,  = L 
0 
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The  exponential  distribution  has  a coefficient  of  variation 
equal  to  unity,  and  in  general,  provides  conservative  re- 
sults in  polling  analysis;  hence,  its  selection  for  the  text 
model.  The  constant  k should  apparently  be  selected  on  the 
basis  of  the  previously  described  message  format,  and  the 
mean,  i*j_»  selected  on  the  basis  of  the  reported  data.  How- 
ever, since  the  data  were  gathered,  the  format  has  been 
changed  to  the  following: 

«+  Ax  A2  A3  «E 

(TEXT) 

4-<<  = 

(7)  = 

NNNN 

This  gives  an  overhead  of  24  characters  instead 
of  29.  Thus,  the  overhead  and  overall  message  length  aver- 
ages reported  in  the  data  must  be  correspondingly  reduced. 
With  this  in  mind,  a nominal  domestic  message  length  dis- 
tribution is  fixed  at 

k =25  Characters 

= 75  Characters 


As  a worst  case  check  for  this  distribution,  note 
that  the  average  message  length  found  by  using  the  largest 
number  in  each  row  of  Table  2.6  is  82.97  characters,  with 
the  old  format.  This  is  very  close  to  the  mean  of  the  above 
distribution.  However,  it  should  be  noted  that  the  average 
message  length  determined  on  the  basis  of  data  reported  in 
MITRE  WP-7229  is  89.4  characters,  with  the  old  format,  or 
approximately  84  characters  with  the  new  format.  The  coeffi- 
cient of  variation  squared  determined  on  the  basis  of  the 
WP-7229  is  .6,  whereas  for  the  above  distribution,  the  corres- 
ponding value  is  only  .4.  The  data  reported  in  WP-7229  re- 
sulted from  measurements  taken  on  circuits  at  Fort  Worth  and 
Los  Angeles.  As  noted  in  MTR-1673,  much  of  the  information 
gathered  in  such  experiments  was  invalid.  However,  as  will 
be  seen  in  the  following  sections,  the  distribution  used  to 
model  NADIN  messages  is  sufficiently  general  as  to  be  consis- 
tent with  all  the  above  results. 

C . 2 . 2 AFTN 

There  is  no  information  describing  traffic  within  the 
AFTN  report  comparable  to  the  MITRE  reports  on  Service  B. 

Field  trips  were  made  to  several  AFTN  sites  resulting  in  the 
collection  of  a significant  amount  of  raw  data.  The  Kansas 
City  AFTN  Switching  Center  appears  to  have  the  most  comprehensive 
statistics,  and  is  typical  of  a substantial  portion  of  the  U.S. 
operated  AFTN  facilities.  Consequently,  its  data  have  been 
analyzed  in  some  depth,  and  the  results  are  used  to  portray 
ev  rnl  f the  AFTN  traffic  characteristics.  The  most  signif- 
icant dita  were  contained  in  a twenty-four  hour  history  tape 
containing  13,265  AFTN  messages.  The  analysis  resulted  in  a 
histogram  of  the  number  of  messages  as  a function  of  the  message 
length,  in  quantum  steps  of  five  characters.  A portion  of 
this  histogram  is  shown  in  Figure  C-l.  Based  on  this  histogram, 
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we  have  calculated  an  average  message  length  of  202  characters 
and  a standard  deviation  of  217.  However,  the  complete  his- 
togram shows  a sizeable  number  of  messages  (980)  as  having 
lengths  greater  than  500  characters.  Since  such  messages 
are  normally  sent  in  off  hours,  they  should  not  be  included 
in  a busy  hour  model.  Thus,  considering  only  messages  of 
length  less  than  500  characters,  a new  average  of  154  charac- 
ters is  found,  with  a standard  deviation  of  102. 

The  histogram  appears  to  be  appropriately  modeled 
by  a biased  exponential  distribution  as  described  earlier. 

The  overhead  constant  was  determined  on  the  basis  of  a "least 
squares"  fit  of  the  histogram  with  the  biased  exponential. 

With  this  approach,  the  constant  k was  found  to  be  50  charac- 
ters. Thus,  the  nominal  AFTN  message  length  distribution  is 
fixed  at: 


k = 50  characters 

L>2  = 154  characters 


fl2 (1) 


l > 50 
9.  < 50 


This  distribution  is  compared  with  the  histogram  in  Figure 
C-l. 

T)  AFTN  message  format,  as  discussed  in  Appendix 
A,  has  a nominal  overhead  of  66  characters.  Thus,  there  is 
discrepancy  between  the  nominal  format  requirements  and  the 
histogram.  Based  on  other  information  (attachment  to  State 
Letter  AN7/1.3.16  - 73/158)  referenced  by  IJATCOM,  Kansas  City, 
the  discrepancy  appears  valid;  indeed,  some  AFTN  messages  have 
less  than  the  nominal  66  character  format.  This  appears  to 
have  little  impact  on  the  investigation. 
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FIGURE  C-l:  HISTOGRAMS  OF  AFTN  LENGTH  MESSAGFS 


The  message  length  distributions  developed  above 


for  Service  B and  AFTN  are  significantly  different.  With  the 
initial  implementation  of  NADIN  utilizing  existing  terminals 
primarily  in  their  existing  roles,  it  would  appear  that  a de- 
railed design  of  the  network  should  recognize  this  difference 
in  the  development  of  constraints  for  each  category  of  the 
terminal.  However,  for  the  basic  overall  system  analysis 
being  conducted  as  part  of  this  study,  it  was  considered  satis- 
factory to  use  a common  distribution  for  all  terminals  that 
is  based  on  the  results  achieved  above. 

Thus,  considering  that  the  majority  of  terminals  in  the 
network  will  be  oriented  towards  domestic  messages  (including 
Alaska  and  Pacific  AFTN  which  also  perform  Service  B func- 
tions) , and  considering  the  evolving  change  to  an  AFTN-consis- 
tent  format,  a biased  exponential  distribution  with  a constant 
overhead  of  40  characters  and  average  message  length  of  110 
characters  was  judged  to  be  suitable  to  model  the  NADIN  mes- 
sages. This  distribution  represents  a compromise  between  the 
distributions  found  for  each  system  separately,  with  the  over- 
head weighted  in  favor  of  the  AFTN  format,  and  the  text 
length  weighted  in  favor  of  domestic  messages.  This  distri- 
bution is  formally  stated  below: 
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MESSAGE  ARRIVAL  DISTRIBUTION 

The  arrival  pattern  of  messages  to  either  AFTN 
or  Service  B terminals  is  almost  impossible  to  determine  from 
the  measured  traffic  statistics.  However,  it  is  logical  to 
assume  that,  as  in  most  communication  systems,  messages  arrive 
randomly  and  independently.  These  are  the  basic  attributes 
of  a Poisson  process.  The  message  arrival  distribution  is 
primarily  of  interest  in  the  performance  analysis  of  the  mul- 
tidrop lines.  These  lines  are  appropriately  modeled  as  single 
server  queues,  with  the  arrival  pattern  to  each  queue  being 
the  sum  of  the  arrivals  at  the  individual  terminals  on  the 
line.  It  has  been  shown,  in  analysis  of  such  queues,  that  if 
there  are  several  inputs  to  the  server,  then  the  arrival  dis- 
tribution to  the  server  can  be  approximated  as  a Poisson  dis- 
tribution regardless  of  the  distribution  types  of  the  indi- 
vidual inputs.  Thus,  with  this  consideration  and  the  pre- 
ceding one,  the  arrival  pattern  of  messages  to  the  terminals 
in  NADIN  are  modeled  as  Poisson.  That  is; 

Pr  [r  arrivals  at  location  i in  interval  of  length  t]=Fi(r) 

-R  t 

Fi (r)  = r4  e 1 (Rit)r  i=l,2,  ...  . 

where  R^  is  the  average  arrival  rate  of  messages  at  location 
i.  The  values  to  be  used  for  R.  are  considered  in  thr  next 
section. 


t 


.It  should  be  noted  that  the  above  distribution  has  a coeffi- 
c ent  of  variation  squared  equal  to  .4.  For  conservative 
analyses,  where  this  distribution  is  used,  a value  of  .6  was 
used  instead. 

C .  i MESSAGE  ARRIVAL  RATES 

The  NAD IN  network  must  provide  acceptable  res- 
ponse  time  under  the  traffic  loads  anticipated  for  the  next 
ten  years.  To  appraise  the  performance  of  network  designs  in 
riveting  this  requirement,  it  is  first  necessary  to  define  and 
quantify  the  'acceptable  response  time"  and  "anticipated 
traffic  loads".  In  this  appendix,  two  basic  characteristics 
the  traffic  model  for  the  network  have  been  established. 

In  this  section,  the  portion  of  the  traffic  model  most  com- 
monly referred  to  as  the  "load'  is  developed.  In  Appendix 

D,  the  "response  time"  is  defined,  and  the  traffic  model  de- 
eloped  ir  this  appendix  is  used  to  appraise  network  perfor- 
mance. 

The  "load"  on  a network  is  a measure  of  the 
amount  of  activity  in  the  network.  With  the  message  length 
distribution  and  arrival  pattern  given,  the  load  may  be  de- 
fined as  the  average  arrival  rate  of  messages  from  outside  the 
neiwoi k to  the  entry  points  of  the  network.  To  use  this  infor- 
mation to  determine  the  necessary  capacity  of  network  compo- 
nents, i*  is  helpful  to  know  some  of  the  characteristics  of 
the  ilow  pattern  within  the  network.  In  particular,  referring 
t Lgu  e C-2,  it  is  helpful  to  know  how  much  of  the  traffic 
for  a circuit  such  as  A may  b.’  transmitted  from  the  terminals 
n the  circuit  (1,  2,  3,  4),  and  how  much  may  be  transmitted 
' the  terminals  from  the  CF.  Furthermore,  to  determine  the 
size  of  the  circuits  between  the  CF's  and  the  SC's,  it  is 
helpful  to  know  how  much  of  the  traffic  is  held  locally,  and 
how  much  is  sent  over  the  part  of  the  network  interconnecting 
CF’s.  Detailed  information  on  the  network  flow  pattern  is 
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difficult  to  obtain  and  is  subject  to  change  over  time,  and 
as  noted  earlier,  is  not  appropriate  for  network  design. 
However,  some  general  characteristics  of  the  type  described 
above  are  necessary  and  . f hey  cannot  be  determined  by  ob- 
servation, reasonably  conservative  assumptions  should  be 
user  rr  the  design  process  n order  to  develop  rational  de- 
signs. These  characteri sties  are  the  subject  of  the  next 
section.  In  this  section,  we  will  characterize  the  network 
load  in  terms  of  the  total  amount  of  traffic,  both  origina- 
tina  and  received,  that  a terminal  experiences.  Division  of 
the  traffic  will  be  discussed  ’p  the  next  section. 

The  NADIN,  like  must  networks,  will  experience 
periods  of  peak  activity.  The  acceptability  of  a network  de- 
sign will  be  based  on  its  performance  during  this  peak  period. 
In  MAD IN , this  period  is  appropriately  selected  as  an  hour, 
and  the  traffic  load  v;ill  then  be  expressed  in  terms  of  the 
'bsy  hour".  The  data  describing  trafric  levels  in  the  exis- 
ting networks  is  usually  expressed  in  characters  per  hour. 
Knowing  the  message  length  distribution,  this  can  easily  be 
r la ted  to  messages  per  hour  wh^n  necessary  for  analysis. 

•1'.  ..  , tne  traffic  loads  developed  in  this  section  will  be  in 
terms  of  characters  per  busy  hour.  r.o  deve.1  op  the  load  pro- 
jections, data  available  for  the  existing  systems  will  be 
used . 

C . 4 . 1 Servic e B 

Traffic  studies  and  preje  tions  for  the  Service  B 
network  have  been  produced  by  the  MITFE  Corporation  as  report 
numbers  4158  and  .ater,  1673.  A basic  description  of  the 
4158  report  and  its  us  ' for  traffic  projections  for  Area  B 
terminals  is  contained  in  Teloom  Report  No.  DOT/FAWA2707 . 

The  results  contained  in  MT R—  4158  were  based  on  a number  c 
field  experiments  conducted  by  MITRF.  in  conjunction  with  the 
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FAA . However,  the  observation  periods  during  the  field  trips 
could  not  be  arranged  to  be  of  the  planned  duration  and  later 
experiments,  as  reported  in  1673,  showed  inconsistent  results. 
This  led  to  a aeneral  conclusion  that  "the  routing  information 
contained  in  the  originally  published  results  of  MTR-4158 
ire  invalid  and  all  are  cautioned  not  to  use  that  data."  How- 
ver,  the  second  set  of  experiments  did  verify  that  the  total 
mess.iv-e  traffic  projections  could  be  validly  updated  to  repre- 
sent current  FAA  projections  of  air  traffic  activity.  Applying 
t h _ suagested  technique  for  updating  this  information,  the 
traffic  projections  for  the  Category  1 locations  are  obtained 
ted  in  Appendix  H.  The  detailed  traffic  projections 
are  >nly  available  up  to  1980.  Correlation  with  current  FAA 
avia uon  forecasts  indicates  that  1984  traffic  can  be  esti- 
mated as  approximately  35%  more  than  1980  traffic.  Based  on 
the  broadening  scope  of  NADIN  services  and  to  insure  that 
the  network  is  insensitive  to  variations  in  traffic,  this  es- 
timate is  taken  to  be  90%.  The  terminals  located  in  ARTCC 1 s 
are  assumed  to  have  a 1973  base  traffic  estimate  of  2,333 
characters  per  busy  hour.  This  again  is  based  on  broadening 
in  scope  of  the  NADINo  Traffic  projections  for  the  other 
years  are  based  on  correlations  with  the  other  traffic  pro- 
jections . 

The  terminals  at  Category  2 locations  (military 
air  bases)  are  estimated  to  handle  40-60  flight  plans  per  day 
per  station,  as  noted  in  Telcom  Report  No.  FAA-RD-7 2 . Based 
on  this  level  of  activity,  the  report  develops  a busy  hour 
estimate  of  1000  characters.  The  FAA  aviation  forecasts  indi- 
cate a stable  level  of  military  flights  over  the  1984  frame. 
Thus,  this  projected  traffic  is  held  constant  for  all  years. 
This  traffic  is  listed  for  the  Category  2 locations  in  Appen- 
dix H. 
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The  locations  in  Category  3 an;  in  air  carrier  of- 
‘ ices  served  by  either  AFTN  oj  Service  B circuits.  The  termi- 
nals on  these  circuits  are  bunched  at  airports  and  can  be  af- 
fectively replaced  by  a single  composite  terminal  in  the  de- 
sign process.  For  those  ioc  .ions  on  Service  B circuits,  the 
composite  traffic  can  be  estimated  in  the  same  manner  as  in 
e 1 com  Report  No.  DOT/FAWAi707 . These  projections  are  listed 
in  Appendix  H. 

C . 4 . 2 AF TN 

Unfortunately,  there  is  no  information  on  the  AFTN 
terminal  traftic  comparable  to  MITRE  reports  for  Service  b. 

The  best  information  to  date  has  been  that  provided  in  the 
quarterly  traffic  reports  generated  for  the  AFTN  circuits  by 
a one  day  sampling  process  instituted  or.  a quarterly  basis.  A 
typical  page  iron  such  a report  is  shown  in  Table  C-4.  Of 
particular  interest  are  the  total  group  activity  (a  group  is 
s x characters),  total  message  activity,  and  the  peak  hour 
message  activity.  Using  the  following  formula,  these  numbers 
can  eas-ly  be  converted  to  characters  p,er  peak  (busy)  hour: 

Chr./busy  hour  = [ (DTG  X 6)  /DTM]  X PHM. 

Where : 

DTG  = Daily  Total  Groups 
DTM  = Daily  Total  Message 
FHM  » Peak  Hour  Messages 

To  project  future  traffic  levels,  the  1973  traf- 
fic data  has  been  increased  by  an  amount  proportional  to  the 
projected  increase  in  flight  services  as  reported  in  the  FAR 
aviation  forecasts  for  the  fiscal  years  1974-1985.  As  with 
the  Service  B traffic,  the  1984  level  of  traffic  has  been  es- 
timated as  90%  more  than  the  1980  traffic  in  order  to  ensure  in- 
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sensitivity  to  variations  in  the  traffic.  Similarly,  for  air- 
line circuits  with  terminals  bunched  at  airports,  a composite 
node  has  been  used.  For  geographically  extended  circuits  with 
multiple  terminals,  the  traffic  has  been  evenly  divided  among  J 

'he  terminals.  The  results  are  shown  in  the  listing  in  Appen- 
dix H. 

C . 5 MESSAGE  ROUTING 

Referring  to  Figure  C-2,  messages  originating  at 
a t-  rrainal  may  be  destined  to: 

1.  A terminal  on  the  same  circuit. 

A terminal  on  a different  circuit  served  by  the  same  CF. 

3.  The  NAS  9020  computer  at  the  CF. 

4.  A terminal  served  by  a different  CF. 

The  division  of  the  traffic  over  these  four  cate- 
gories could  affect  the  appropriate  sizing  of  the  communication  I 

channels  between  CF 1 s and  SC's,  between  SC's,  and  the  con- 
straints for  the  number  of  terminals  on  a circuit.  However, 
accurate  information  on  the  routing  of  the  traffic  is  very 
hard  to  obtain,  as  noted  by  MITRE  in  MTR-1673;  furthermore,  it 
should  be  considered  as  subject  to  change.  Thus,  for  appro- 
priate sizing  of  the  communication  channels  and  development 
of  circuit  constraints,  conservative  assumptions  should  be  made 
coupled  with  sensitivity  analysis.  These  assumptions  and  the 
related  analysis  are  the  subject  of  Appendix  D. 
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APPENDIX  D 


PERFORMANCE  ANALYSIS 


L.l  INTRODUCTION 

For  a network  such  as  NADIN,  "performance"  is 
usually  defined  in  terms  of  the  time  it  takes  a message  to 
traverse  the  network  from  entry  to  exit  (which  will  be 
called  traversal  time)  and  the  traffic  level  the  network 
experiences  (which  is  called  the  throughput).  These  two  attri- 
butes are  interrelated,  therefore  performance  is  usually  char- 
acterized by  the  average  traversal  time  as  a function  of  the 
thro ughput . 

In  general,  network  design  is  oriented  towards 
achieving  an  "acceptable  performance"  specified  as  an  average 
traversal  time  for  a given  throughput.  However,  in  NADIN 
many  of  the  physical  aspects  of  the  network  affecting  per- 
formance are  fixed  (i.e.  , Model  28  teletypes).  Without 
knowing  the  impact  of  these  limitations  it  is  very  difficult 
and  even  dangerous  to  specify,  a priori,  a required  perfor- 
mance for  the  network  design.  An  appropriate  approach  is  to 
investigate  the  factors  that  will  contribute  to  the  traver- 
sal time  in  terms  of  the  given  equipment  constraints  and, 
n the  basis  of  this  investigation,  develop  design  con- 
straints and  requirements  that  are  consistent  with  the  over- 
all network  objectives  and  good  engineering.  It  is  this 
■ourse  which  is  taken  here. 

1.2  TRAVERSAL  TIME 

The  traversal  time  of  a message  is  precisely  de- 
fined as  the  interval  of  time  from  the  instant  at  which  the 
message  is  ready  for  transmission  at  its  entry  point  until 
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the  last  character  of  the  mossaqe  is  received  at  its  exit 
point.  The  entry  and  exit  points  of  the  network  are  gener- 
ally thought  of  as  terminals.  Howev<  i , the}  als<  I cb 
>:AS  9020  computers  and  possibly  the  cor  entratom  r switches 
(i.e.,  administrative  messages  timeo  for  release  to  repot t 
scheduled  outages  for  maintenance,  etc.  . The  possible  com- 
nents  of  traversal  time  are  explained  in  terms  of  Figure 
Dfl.  This  figure  is  a functional  portrait  of  NADIN  as  a net- 
work of  queues,  showing  two  concentrators  (C^  anti  C ) inter- 
connected by  a switching  center  (S)  . For  this  explanation, 

.he  concentrators  are  assumed  to  have  switching  capability, 
not  all  messages  require  journaling,  and  all  terninals  are  on 
half-duplex  lines.  This  is  the  most  general  case,  and  does  not 
necessarily  correspond  to  the  MADI'-I  recommendation.  Otner  assump- 
tions can  be  similarly  modeled.  The  situation  with  a multiplexer 

is  explained  as  a simplification  of  this  portrait. 

D . 2 . 1 Network  Operation 

To  explain  the  operation  of  the  network,  the  paths 
a message  may  follow  are  considered.  Consider  a message  ar- 
riving at  a terminal,  such  as  T 1).  The  "arrival"  is  the  act 
of  the  operator  in  initiating  the  terminal  equipment  so  that 
the  message  will  be  automatically  transmitted  when  the  terminal 
is  polled.  The  traversal  time  interval  or  the  message  begins 
when  the  operator  is  done.  The  concentrator  C (4)  processes  a 
polling  list  for  the  line  (2>  When  terminal  T^  is  reached  on 
the  list,  the  terminal  is  polled  ana  its  message  If  rnsmitl 
rf  the  message  does  not  require  journa1 ire  and  is  directed  tc 
a terminal  on  the  same  circuit:,  the  appropriate  terminal  receives 
the  transmission  and  the  operation  is  complete.  In  this  case, 
the  traversal  time  is  simply  the  delay  in  the  polling  cycle 
reaching  the  terminal  plus  the  time  required  to  transmit  the 
message . 
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If  the  message  requires  journaling  or  is  due  for 
a terminal  on  another  circuit,  it  is  received  oy  the  concen- 
trator (C^) , buffered,  and  placed  on  the  input  queue  (3). 

All  messages  received  by  the  concentrator  from  its  terminals 
are  placed  on  a common  input  queue  and  processed  on  a priority 
basis  with  a FIFO  discipline  within  priority  classes.  The 
processing  consists  primarily  of  routing,  with  code  conver- 
sion if  appropriate.  If  the  message  requires  journaling  or 
is  directed  to  a terminal  not  connected  to  the  concentrator, 
it  is  placed  in  the  output  queue  (5)  for  the  high  speed  line 
(6)  to  the  switching  center  (8).  Otherwise,  the  message  is 
simply  placed  in  the  output  queue  (such  as  7)  for  the  appro- 
priate circuit.  dote  that  a circuit  connecting  terminals  to 
the  concentrator  is  modeled  as  half-duplex,  thus  providing 
messages  to  the  common  input  queue  (3)  and  also  transmitting 
messages  from  the  appropriate  output  queue  (such  as  7).  The 
necessary  coordination  is  provided  by  the  concentrator  soft- 
ware. The  traversal  time  ends  when  the  last  character  of 
the  message  is  removed  from  the  output  Puffer  and  completes 
transmission  over  the  circuit. 

When  a message  is  transmitted  from  the  concentra- 
tor (4)  over  the  high  speed  line  (6) , it  is  received  by  the 
switching  center  (8) , buffered,  and  placed  on  the  common  high- 
speed line  input  queue  (9).  All  messages  received  over  high- 
speed lines  by  the  switching  center  are  placed  on  this  queue 
and  are  processed  on  a priority  basis  with  a FIFO  discipline 
wit  hin  pri  rity  class  . rih  ; proc  ss  'ng  consists  ■ f -i  r u na- 
1 mg  if  appropriate,  and  ”c  ting  If  the  message  is  destined 
fir  a terminal  connected  to  the  switching  center,  the  message 
s simply  transferred  to  the  appropriate  output  queue  (such 
as  10 ) . Otherwise  the  message  is  transferred  to  an  ou*pu- 
queue  for  one  f the  high  speed  lines  (such  as  11).  The  high 
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speed  line  may  lead  to  another  switching  center,  in  which 
case  the  processing  described  above  is  repeated,  or  to  a con- 
centrator as  shown  the  figure. 

The  message  is  received  by  the  concentrator 

(12) ,  buifered,  and  placed  in  the  high-speed  line  input  queue 

(13) .  The  concentrator  processes  the  message  on  a priority 
1 usis  with  a FIFO  discipline  within  priority  classes.  The 
processing  consists  primarily  of  determining  over  what  circuit 
the  message  is  to  be  sent  and  performing  code  conversion  if 
appropnate.  The  message  is  then  placed  in  the  appropriate 
circuit  output  queue  (14) . When  the  last  character  is  re- 
ceived over  the  low  speed  line,  (15)  by  the  appropriate  termi- 
nal (16),  the  traversal  time  is  ended. 

D . 2 . 2 Traversal  Time  Components 

As  may  be  seen  from  the  above  discussion,  the  tra- 
versal time  may  consist  of  many  components  depending  on  the 
path  the  message  follows  from  entry  to  exit.  The  time  re- 
quired for  several  of  the  events  in  the  passage  of  a message 
may  also  be  overlapping.  This  is  exemplified  by  the  case  of  a 
message  originating  at  a terminal  using  five  level  Baudot  code 
on  a 75  bps  circuit  and  destined  for  a terminal  using  seven  le- 
vel ASCII  code  on  a 1200  bps  circuit  connected  to  the  same 
concentrator.  Typical  timing  relations  that  may  be  involved 
are  shown  in  Figure  D-2.  At  t^  the  message  arrives  at  the  ter- 
minal, where  it  waits  to  be  polled.  After  the  terminal  is 
polled,  message  transmission  begins.  After  the  header  is  re- 
ceived, an  entry  is  placed  on  the  input  queue  to  indicate  the 
message  is  ready  for  routing.  The  header  may  be  processed 
concurrently  with  reception  of  the  rest  of  the  message.  The 
processing  of  the  header  indicates  a routing  to  the  other  cir- 
cuit and  a requirement  of  code  conversion.  The  code  conversion 
commences  immediately  on  the  partially  received  message  and 
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s on  reaches  the  point  of  converting  each  new  character  as  re- 
ceived. Thus,  when  the  last  character  is  received,  within  mi- 
croseconds the  message  processing  is  complete  and  an  entry  is 
made  in  the  output  queue.  The  message  transmission  takes  much 
less  time  on  the  1200  bps  circuit  than  on  the  75  bps  circuit 
and  when  the  last  character  is  received  by  the  destination 
terminal/  at  time  tp , the  operation  is  complete.  The  traversal 
time  is  simply/  tp  - t^l  and  as  can  be  seen  in  this  case, 
can  be  found  as  simply  the  sum  of  the  time  required  to  move 
the  message  from  the  originating  terminal  to  the  concentrator, 
plus  the  time  required  to  move  the  message  from  the  concentra- 
tor to  the  destination  terminal.  It  should  be  noted  that  code 
conversion  could  be  done  as  suggested  or,  as  each  character 
is  received  at  the  concentrator,  it  could  be  converted  to  a 
standard  code  and, if  required,  each  character  could  be  con- 
verted on  output  to  the  circuit.  However,  in  either  of  the 
procedures , the  code  conversion  would  occur  on  a low  level, 
interrupt  basis  concurrently  with  message  transmission  opera- 
tions and  would  not  add  to  the  traversal  time.  This  leads  to 
a general  observation  about  properly  designed  and  sized  commu- 
nication processors  for  a network  such  as  NADIN:  such  proces- 

sors add  an  insignificant  amount  of  delay  to  message  traversal 
time  in  comparison  to  the  basic  delays  of  transmission  time 
and  the  time  spent  waiting  for  availability  of  transmission 
facilities.  Consequently,  in  analyzing  the  components  of  de- 
lay that  may  contribute  to  traversal  time,  attention  will  be 
paid  only  to  the  primary  sources  of  delay.  These  include: 

Terminal-Concentrator  Time  (TTC):  Total  time  from 

the  arrival  of  a message  at  a terminal  until  re- 
ception of  the  last  character  by  the  concentrator. 

Concentrator-Switch  Time  (TCg) : Total  time  from 

availability  of  a message  for  transmission  from 
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a concentrator  to  a switch  until  the  last  charac- 
ter is  received  at  the  switch. 

Switch-Switch  Time  (l'ss)  : Total  time  from  the 

availability  of  a message  at  one  switch  until  the  ' 
last  character  is  received  at  the  second  switch 

Switch-Concentrator  Time  (T  ) : Total  time  from 

the  availability  of  a message  at  a switch  until 
the  last  character  is  received  at  the  concentrator. 

9 

Concentrator-Terminal  Time  (Tr.p)  : Total  time  from 

the  availability  of  a message  at  a concentrator 
until  the  last  character  is  r ceived  at  the  termi- 
nal. 

The  traversal  time  for  the  situations  described 
earlier  can  now  be  simply  expressed: 

• Terminal-to-Terminal  on  same  circuit; 


xtc 

(as  the  other  terminal  hears  the  message  at  the 
same  time  the  concentrator  does) . 

• Terminals  on  different  circui  :s  of  same  concen- 
trator: 


T = T + T 

TC  CT 

Terminals  at  different  concentrators  connected  to 
the  same  switch: 

T = T +T  +T  + T 

TC  CS  SC  CT 

Terminals  at  different  concentrators  connected  to 

different  switches: 

T = T +T  + T ->-T  + t 

TC  XCS  SS  + SC  CT 


\ 

* 
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To  make  a quantitative  appraisal  of  the  traversal 
time  ana  to  extract  appropriate  constraints,  the  various  com- 
ponents identified  above  are  considered  below.  Prior  to  this 
consideration,  a note  should  be  made  about  the  situation  with 
multiplexers.  In  this  case,  there  is  no  delay  component  of 
concent  * tor- to- switch ; a message  goes  directly  from  terminal 
to  switch  over  the  circuit  on  which  it  is  placed.  The  multi- 
plexer is  operationally  transparent  (except  for  perhaps  a sin- 
gle character  buffer  delay).  Thus,  the  multiplexer  will,  in 
general,  have  slightly  better  traversal  time.  However,  it  re- 
quires I/O  processing  by  the  switch  for  each  circuit  since  all 
intercircuit  traffic  within  a region  is  directed  to  the  central 
switch  for  processing.  This  requires  a higher  bandwidth,  hence 
more  costly  line  from  the  region  to  the  switch  than  does  a con- 
centrator. It  also  requires  greater  processing  capacity  at 
the  switch  than  does  a concentrator.  These  effects  will  be 
quantitatively  appraised  later. 

D. 3 TERMINAL  CIRCUITS 

In  this  section,  consideration  is  given  to  the 
timing  involved  in  messages  being  sent  from  a terminal  to  its 
concentrator  and  from  a concentrator  to  one  of  its  terminals. 
Three  situations  are  identified: 

1.  Model  28  teletypes  on  75  bps  circuits  using 
Service  B procedures  (P^  procedures  as  defined 
in  Appendix  A) . 

2.  Model  28  teletypes  on  75  bps  circuits  using 
AFTN  procedures  (P^  procedures  as  defined  in  Apper - 
dix  A) . 

3.  ANSI  consistent  terminals  on  1200  bps  circuits 
using  ANSI  consistent  procedures. 
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These  three  cases  will  be  considered  independen 1 1 y 
below.  However,  there  are  basic  aspects  common  to  ail  three, 
which  are  considered  now. 

D.3.1  Basic  Analysis 

Two  basic  items  of  timing  information  are  desired: 
the  average  time  from  the  arrival  of  a message  at  a term.nal 
until  the  last  character  is  received  by  the  conce.  trator,  call 
the  polling  time,  and  the  average  time  from  the  avail  ".Li  -if/ 
of  a message  at  a concentrator  until  receipt  of  tne  last  char- 
acter by  the  terminal,  called  the  delivery,  time.  Tne  polling 
time  distribution  and  delivery  time  distribution  depend  on 
many  factors  including:  the  polling  disciplir.es,  hardware  ca- 

pabilities, overhead  traffic,  line  speeds,  message  length  dis- 
tributions, message  arrival  distributions,  buffer  sizes,  num- 
ber of  buffers,  etc.  Even  if  all  factors  involved  are  precise- 
ly defined,  it  is  almost  impossible  to  obtain  a precise  analy  - 
tical  portrait  of  the  system  due  to  its  complexity.  Similarly, 
simulation  without  simplification  is  very  difficult  and  v<  ry 
costly’,  thus  it  is  not  attractive.  However,  it  is  possible  to 
obtain  reasonably  conservative  results  by  making  appropriate 
simplifications.  For  the  basic  system  design  considerations 
involved  here,  an  analytical  approach  gives  sufficiently  good 
results  to  be  favored  over  the  more  difficult  and  costly  sim- 
ulation approach. 

D . 3 . 1 . 1 Timing  Definitions 

On  a multidrop  iine  using  any  of  the  three  control 
procedures  outlined  in  Appendix  A,  when  any  static’')  is  trans- 
mitting, no  other  station  on  the  same  line  can  transmit.  There 
fore,  the  multidrop  line  can  be  viewed  as  the  single  server  for 
the  messages  from  the  terminals  on  the  line.  The  situation  may 
be  modeled  as  a single  server  queue  in  which  messages  join  the 
queue  upon  their  arrival  at  a terminal  (or  at  the  concentrator) 


However,  the  service  discipline  is  not  FIFO  as  is  customary, 
but  rather  determined  by  the  polling  cycle,  and  messages  at 
the  concentrator  are  given  non-preemptive  priority.  Further- 
more, the  service  time  will  depend  on  not  only  the  length  of 
the  message,  but  also  on  the  effect  of  polling  terminals  with- 
out messages  prior  to  polling  a terminal  with  a message.  With 
■oderate  simplifications,  these  factors  can  all  be  accommodated 
in  the  analytical  approach. 

When  a terminal  is  polled,  one  of  two  events  may 
oc -ur  ^assuming  the  terminal  is  operable  and  transmission  er- 
ror- do  not  occur);  the  terminal  may  have  a message,  at  which 
rime  i is  rransmitted , or  the  terminal  does  not  have  a mes- 
sage. The  former  is  called  a positive  poll  and  requires  a time 
interval  whose  duration  depends  on  constant  factors  (modem 
request- to-send , clear-to-send  delay,  transmission  of  polling 
code,  etc.)  plus  the  message  length.  This  time  may  be  ex- 
pressed as: 


T = 
PP 


T + 
PPC 


When  a terminal  has  no  message  to  transmit,  the  polling  of  the 
terminal  is  cal  Jed  a negative  poll  and  requires  a constant  t me 
Ts  p . When  a coi  centrator  transmits  a message  (assuming  the  ;.ir- 
eiut  is  available) , again  there  is  a constant  circuit  prepara- 
tion time  plus  a time  depending  on  message  lengths,  or: 

T = T + T 
C CC  L 

Using  the  above  timing  definitions,  expressions  can  now  be 
d^ri.  a 1 fo  t average  pollina  time  and  the  averaqe  deli  e 
time . 

D.3.1.2  Waiting  Time 

One  of  the  moot  general,  <rd  common , relations 
used  m jueuemg  analysis  is  the  Poiloczek-Khintchine  formula 
relating  the  average  waiting  time  of  customers  to  the  through- 
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put  for  single  server  queues  with  Poisson  arrivals  and  general 
service  time  distribution.  Wi th, 

X - Average  arrival  rate  (msg /sec) . 

- - Average  service  time  of  a message  (sec /msg) . 

^2  - Second  moment  of  service  time. 

— 2 -2 

2 x - X 

C = = — — - Coefficient  of  variation  squared. 

X 


C = X X - Utilization. 

The  average  waiting  time  is  expressed  a: 

-] 


w = i rr  + c2(.i  +.£1L 
X U 2(1  - C ) 


= X + - 


1/2  XX 


2 


1 - XX 


The  average  waiting  time  W is  the  average  time  from  a message 
joining  the  queue  until  its  final  characte-  has  been  completely 
transmitted.  The  service  time  X of  a message  is  basically  the 
time  required  to  transmit  the  message  a..d  depends  on  its  len  t', 
in  characters  and  the  line  transmission  rate.  However,  33 
noted  earlier,  to  use  this  formula  properly,  the  service 
time  must  also  include  the  impact  of  polling  (i.e.,  the 
possibility  of  several  negative  polls  before  the  poll  of  a 
minal  with  a message).  This  impact  will  be  evaluated  shortly. 

The  general  formula  given  above  can  be  extended  co 
handle  queues  with  non-preerr.ptive  priorities,  that  is,  queues 
in  which  the  next  message  selected  for  transmiss  ion  is  the  or  .* 
with  the  highest  priority,  but  each  message  selected  is  trans- 
mitted to  completion  before  transmission  of  the  next  message 
(even  if  of  higher  priority)  is  initiated.  Thus,  with: 
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A^  - Average  arrival  rate  of  messages  with  priority  i 
(1  < j implies  i of  higher  priority  than  j). 

- Average  service  time  of  a message  with  priority  i r 

^2  - Second  moment  of  service  time, 
i 

the  average  waiting  time  of  a message  with  priority  j may  be 
expressed  as: 


N 

1/2  y A . X2 
L 11 

i=l 

W . = X . + 

1 1 

j“l  j 

(1  - l A.X.)  (1  - l A.X.) 


where  N is  the  number  of  priority  classes.  Note  that  the 
second  moment  of  the  service  time  can  be  found  from  the  average 
service  time  and  the  coefficient  of  variation. 

In  order  to  relate  the  above  formula  to  the  analysis 
of  the  polling  situation,  it  is  first  necessary  to  examine 
the  service  discipline  of  the  queue.  Messages  which  arrive  at 
a concentrator  are  transmitted  immediately  after  completion  of 
‘-v-  ''nrrent  polling  event  (whether  a negative  poll  or  a posi- 
tive poll).  Thus,  these  messages  are  given  non-preemptive  pri- 
rity  over  those  which  arrive  at  the  terminals  and  which  must 
wait  to  be  oolled.  The  messages  which  arrive  at  the  terminals 
re  not  necessarily  transmitted  on  a first  come-first  serve 

tr 
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basis,  due  to  the  polling  operation.  However,  since  no  prefer- 
ence is  given  to  shorter  messages,  the  average  waiting  time  is 
the  same  as  that  of  a first  come-fir. st  served  (i.e..  First  In- 
First  Out  - FIFO)  service  discipline.  Thus,  for  the  queueing 
situation  of  interest  here,  two  priorities  are  identified: 
priority  one  is  given  to  messages  which  arrive  a i the  concen- 
trators and  priority  two  is  given  to  messages  which  arrive  at 
the  terminals.  Thus,  the  average  wai  mg  times  can  be 
expressed  as: 


W1  = X1  + 


W2  = X2  + 


1/2  + X2  X 2 ) 


1 - *1  X1 


X2  * X2) 


(1-X1  X1)  (1->1  X1~X2  X2) 


Consideration  is  now  given  to  the  proper  definition  of  the  service 
times  and  X^. 

D . 3 . 1 . 3 Service  Time 

The  service  time  of  messages  arriving  at  the  concen- 
trator is  the  time  from  the  presence  of  the  message  at  the 
head  of  the  queue  until  completion  of  its  transmission.  In 
light  load  situations,  when  a message  arrives  at  the  concen- 
trator,  it  is  immediately  at  the  head  of  the  queue  and  must 
wait  only  for  completion  of  the  current  polling  event  before  it 
is  transmitted.  If  the  event  is  a negative  poll,  this  time 
should  be  considered  as  part  of  the  service  time.  If  the  event 
is  a positive  poll,  the  time  is  considered  ~s  part  of  the 
service  time  of  a message  transmission  in  progress  nd  is  already- 
incorporated  in  the  formula.  In  the  ligh  load  situation,  when 


*.  v;*W  T-t  . - - ' 


a message  arrives  at  the  concentrator,  the  vast  majority  of  events 
in  progress  will  be  negative  polls  and,  since  the  messages 
arrive  at  random,  the  average  delay  will  be  simply  one-half 
the  negative  polling  time.  Thus,  for  the  light  load  situation, 
the  average  service  time  for  messages  arriving  at  the  concen- 
trator, X is: 

X1  = l'2TNp  + Tcc  + Tl 

where  T is  the  average  message  transmission  time.  For  heavy 
load  situations,  an  average  factor  somewhat  less  than  1/2  T^p 
will  be  present.  Thus,  as  described  above,  will  be  used  as 
a conservative  expression  for  the  average  service  time.  The 
variance  is  simply: 


- = 


+ Var.  (Tl) 


The  service  time  of  messages  arriving  at  the  ter- 
minals must  include  the  time  taken  for  polling  as  well  as  the 
time  for  transmission.  In  order  to  determine  the  average  ser- 
vice time,  the  average  number  of  terminals  polled  before 
finding  a terminal  with  a message  must  be  determined.  For 
the  light  load  case  with  M terminals  and  assuming  the  messages 
arrive  equally  likely  among  the  terminals,  an  average  of 
(M-l)/2  terminals  will  be  polled  before  the  terminal  with  the 
message  is  polled.  Thus,  the  average  service  time  of  messages 
arriving  at  the  terminals  for  the  light  load  case  is: 


M-l 

y — ±.  m 

a2  2 NP 


+ T + T 
PPC  L 


For  heavy  load  situations  an  average  factor  somewhat  less  than 
((M-D/2)  TNp  will  be  present.  Thus,  X2  as  described  above 
will  be  used  as  a conservative  expression  for  the  average  ser- 
vice time.  The  variance  is  simply; 


D-l  5 


1 


' * T 


'.'r 


The  report  also  considers  the  case  where  existing  hardware  is 
adjusted  for  optimum  performance  and  achieves  the  values: 

T'  = . 8 seconds 
P 

T'  + T'  = 1.2  seconds 
r e 

Tj  = 1.0  seconds 
d 

Thus,  the  basic  polling  times  are: 

• Existing 

Tpp  » 2-9  + TL 

tnp  “ 2-2 
. Optimized 


TPP  = 2-°  + TL 
TNP  = 1.8 

Using  the  above  results,  coupled  with  the  common  message  length 
distribution  developed  in  Appendix  C and  a transmission  capacity 
of  75  bps,  the  service  times  for  the  formulae  developed  in  the 
previous  section  can  be  developed.  However,  because  the  exis- 
ting system  is  based  on  delivering  messages  from  the  high-speed 
circuit  interface  by  polling,  rather  than  on  a priority  basin 
as  with  a concentrator,  there  is  no  value  determined  for  cir- 
cuit preparation  time  for  the  concentrator.  This  can  be  con- 
servatively estimated  as : 


cr 


- T + T 
r e 


Thus,  w- * h existing  equipment, 


CC 


= 2.1  seconds 


and  with  optimized  equine  nt, 

T^c  = 1.2  seconds 
The  basic  service  times  are  then: 
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Existing  (M  = number  of  terminals  on  circu.t' 


i 


X1  = 14.2  seconds 
X2  = 275.9 

X^  = 1.1M  + 12.8  seconds 
X2  = 1.6M2  + 28. 2M  + 236.0 

• Optimized 

Y^  = 13.1  seconds 

^2  = 245.3 
1 

Y 2 = .9M  + 12.1  seconds 
Y2  = 1 . 1M 2 + 21. 8M  + 218.7 

Using  these  values,  several  curves  of  delay  versus  throughput 
have  been  generated  and  are  portrayed  in  Figures  D-3  through 
D-6.  The  terminal  delay  is  the  average  time  from  the  avail- 
ability of  a message  at  a terminal  until  the  last  character 
is  received  by  the  concentrator.  The  concentrator  delay  is 
similarly  defined.  The  throughput  is  given  in  thousar.ds-of- 
characters  per  hour,  based  on  the  average  message  length  of 
110  characters  as  developed  in  Appendix  C. 

Figure  D-3  shows  the  terminal  delay  curves  for  cir- 
cuits with  2,  5,  10,  and  15  terminals,  where  the  traffic  on 
the  circuit  is  evenly  divided  between  messages  from  te  minals 
to  the  concentrator  and  messages  from  the  concentrator  co  the 
terminal.  Figure  D-4  shows  the  concentrator  delay  curves  for 
the  same  circuit  conditions.  Note  that  the  concentrator  delays 
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FIGURE  D-4:  CONCENTRATOR  PERFORMANCE  - EXISTING  SERVICE  B EQUIPMENT 


are  substantially  better  than  the  terminal  delays.  This 
reflects  the  fact  that  messages  at  the  concentrator  do  not 
have  to  wait  until  a particular  position  on  the  polling  list 
is  encountered.  It  should  be  noted  that  this  provision 
reduces  the  overall  message  delays  on  the  circuit,  as  it 
simply  uses  the  fact  that  the  presence  of  messages  at  the 
concentrator  can  be  recognized  without  having  to  do  the 
polling  operation. 

The  terminal  delay  curves  for  the  optimized  equip- 
ment are  shown  in  Figure  D-5  for  the  same  circuit  conditions 
as  described  above.  The  optimized  curves  are  very  close  to  a 
2 KCHR/'HR  shift  of  the  existing  equipment  curves.  The  sensi- 
tivity of  the  curves  to  the  division  of  traffic  on  the  circuit 
is  protrayed  in  Figure  D-6.  Three  curves  for  a five  terminal 
circuit  are  portrayed,  with  terminal  traffic  ranging  from  20% 
to  80%  of  the  total  traffic.  Note  that  the  curves  appear  quite 
insensitive  to  this  variation.  This  is  due  to  a number  of  com- 
pensating factors.  When  terminal  traffic  is  a high  percentage, 
there  are  fewer  occurrences  of  delays  in  the  polling  cycle  due 
to  outgoing  messages  and  less  time  between  positive  polls. 

When  terminal  traffic  is  a low  percentage,  a higher  percentage 
of  the  messages  are  serviced  with  priority  which  have  a corres- 
pondingly shorter  service  time.  Thus,  there  is  less  queueing 
delay  for  the  nonpriority  messages.  This  insensitivity  con- 
firms the  validity  of  using  the  even  traffic  division  in  the 
remainder  of  the  analysis. 

The  curves  discussed  above  are  for  total  delay, 
or  waiting  time,  which  is  composed  of  the  queueing  time  plus 
i e service  time.  In  the  common  queue  with  Poisson  arrivals 
nd  exponential  service  time,  the  increase  in  queueing  time 
the  curves  above  shifted  to  the  origin)  for  an  increase  in 
t affic  o always  more  thin  proportional,  i.e.,  a doubling 
of  traffic  will  more  than  double  queueing  time.  Furthermore, 
t rate  of  increase  is  also  more  than  proportional . That  is 
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a 50%  increase  in  traffic  starting  at  a high  level  will  give 
much  more  severe  queueing  delay  increases  than  a 50%  increase 
starting  at  a low  level.  It  is  the  rapidity  of  this  latter 
change  as  a function  of  throughput  which  gives  the  appear- 
ance of  a "knee"  in  the  queueing  curves.  A design  constraint 
based  on  performance  analysis  as  presented  above  must  reflect 
not  only  a reasonable  average  total  delay,  but  also  a 
reasonable  margin  for  error  in  traffic  projections.  Since 
the  traffic  projections  and  ana  Lyses  are  already  based  on 
conservative  estimates  and  assumptions,  a reasonable  design 
requirement  for  busy  hour  conditions  is  that  a 25%  increase  in 
throughput  should  not  more  than  double  the  total  delay. 

A reasonable  average  total  message  delay  from  terminal  to 
terminal  through  one  concentrator  is  90  seconds.  With  a five- 
terminal  circuit  (M  = 5)  these  conditions  are  met  with  a 
throughput  of  approximately  16  KCHR/HR,  having  approximately 
a 4 5 second  average  delay  or.  the  terminal- to- concentrator 
link  and  approximately  a 28  second  delay  on  the  terminal 
circuits.  Since  messages  which  originate  on  a circuit  with 
M,  terminals  may  be  destined  for  a circuit  with  terminals, 
a worst  case  for  has  been  used  in  developing  the  constraints 
Using  the  above  approach,  the  following  simple  formula  gives 
a close  approximation  to  the  traffic  constraints  as  a function 
of  the  number  of  terminals  on  a circuit: 

X <_  19.0  - . 6M  KCHR/HR 

where  X is  the  total  throughput  (or  traffic)  of  the  circuit. 
With  these  constraints.  Service  B circuits  will  have  an  average 
delay  of  messages  from  terminals  to  concentrators  of  less  than 
60  seconds  and  an  average  delay  of  messages  from  concentrators 
to  terminals  of  less  than  30  seconds  resulting  in  a total  delay 
of  less  than  90  seconds.  An  increase  in  traffic  of  25%  beyond 
the  level  oroiected  for  1984  will  less  than  double  these  delays 
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D.J.3  AFTN  Circuits 

The  AFTN  circuits  differ  from  Service  B in  terms  of 
the  analysis  presented  in  the  previous  section  primarily  in 
the  timing  components  for  polling.  The  AFTN  polling  procedures 
used  in  the  region  of  AFTN  operated  by  the  FAA  are  a modified 
version  of  the  Bell  System  83B3  procedures  as  described  in 
Appendix  A.  Based  on  the  timing  relations  developed  in  the  Bell 
System  Technical  Reference  for  the  83B3  procedures,  the  nega- 
tive poll  time,  TNp,  and  positive  poll  time,  Tpp,  are  developed 
in  Tables  D-l  and  D-2.  The  propagation  times  are  based  on 
the  results  of  a Bell  System  study  of  teletypewriter  circuits 
as  reported  in  the  above  Technical  Reference.  The  pauses 
reflect  the  time  for  the  stunt  boxes  to  respond.  The  time 
for  a message  to  be  delivered  from  the  concentrator  to  the 
terminal  is  developed  in  Table  D-3.  Using  these  timing  values 
plus  the  common  message  length  distribution  developed  in  Appendix 
C,  the  service  times  for  the  performance  equations  are: 

Xx  = 12.7  seconds 

X^  = 234.1 

X2  = .38M  + 11.58  seconds 

X^  = . 2M2  + 8.8M  + 206.6 

Using  these  values,  a set  of  curves  similar  to  those  presented 
in  the  last  section  have  been  generated  and  are  presented  in 
F : cures  D-7,  D-8 , and  D-9.  The  analysis  of  these  curves  is 
juite  similar  to  that  presented  in  the  previous  section. 

Note  that  the  overall  performance  with  the  83B3  procedures  is 
considerably  better  than  with  the  Service  B procedures,  as  would 
be  expected  due  to  the  shortening  of  the  negative  polling 
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Negative  Poll 


TSC  Transmission 

200.0 

MSEC 

Propagation  Time 

200.0 

MSEC 

Pause 

59.5 

MSEC 

Negative  Response 

(V) 

100.0 

MSEC 

Propagation  Time 

200.0 

MSEC 

Cone.  Proc . Time 

1.0 

MSEC 

T 

NP 

= 760.5 

MSEC 

TABLE  D-l:  AFTN  NEGATIVE  POLL  TIME 


Positive  Poll 


TSC  Transmission 

200.0 

MSEC 

Propagation  Time 

200.0 

MSEC 

Pause 

59.5 

MSEC 

EOA  Transmission 

300.0 

MSEC 

Message  Transmission 

L 

X 100.0 

MSEC 

Propagation  Time 

200.0 

MSEC 

Processing  Time 

°J 

rH 

MSEC 

Tpp  = L x 100 

.0 

+ 960.5 

MSEC 

TABLE  D~2:  AFTN  POSITIVE  POLL  TIME 
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Cone on bra  tor  Del  i very 


CDC  Transmission 
Prop.  Delay 
Pause 


300.0  MSEC 

200.0  MSEC 
59.5  MSEC 


V Answer  back 
Prop.  Delay 
Proe.  Delay 


100.0  MSEC 

200.0  MSEC 
1 . 0 MSEC 


EGA  Transmission  300.0  MSEC 

Message  Transmission  L * 100.0  MSEC 

Prop  Delay  20  0.0  MSEC 

T - L * 100.0  + 13G0.5  MSEC 
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FIGURE  D-8:  AFTN  CONCENTRATOR  PERFORMANCE 


AFTN  Terminal  Delay 
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delays.  The  sensitivity  to  the  traffic  division  is  slightly 
greater,  but  still  sufficently  low  as  to  validate  the  use  of 
the  even  traffic  division. 

The  same  basic  procedure  for  developing  a design 
constraint  as  used  in  the  previous  section  is  appropriate  here. 
Limiting  an  increase  in  total  delay  for  a 25%  increase  in  traffic 
to  less  than  double  the  initial  delay,  and  limiting  the  total 
delay  (terminal  to  concentrator  plus  concentrator  to  terminal) 
to  less  than  90  seconds,  the  resulting  design  constraints 
can  again  be  approximated  by  a simple  formula  as  given  below: 

20.0  - . 2M  KCHR/HR 

For  the  M=5  case,  this  gives  a maximum  average  delay  of  slightly 
less  than  40  seconds  for  messages  going  from  a terminal  to  a 
concentrator  and  a maximum  average  delay  of  approximately 
20  seconds  for  messages  going  from  a concentrator  to  a 
terminal . 

D.3.4  NADIN  Circuits 

Medium  speed  terminals  (1200  bps)  using  the  IA  #5 
seven  level  code  will  be  placed  on  voice  grade  circuits  using 
a control  procedure  consistent  with  ANSI  Standards  X3. 28-1971. 

The  standards  give  functional  definitions  of  six  categories  of 
"Establishment  and  Termination"  control  procedures,  and  five 
categories  of  "Message  Transfer"  control  procedures,  as  shown 
in  Table  D-4.  In  addition,  there  are  two  categories  of 
establishment  and  termination  procedures  and  one  message 
transfer  category  that  are  functionally  defined  and  expected 
to  be  standardized  in  the  near  future.  The  basic  form  of 
a standard  polling  procedure  is  defined  by  specifying  one 
of  the  establishment  and  termination  categories  and  one  of 
the  message  transfer  categories.  The  ANSI  procedures  appear 
to  be  functionally  divided  into  those  appropriate  for  full 


< TABLE  D-4 

1 ESTABLISHMENT  ANft  TERMINATION  SUBCATEGORIES 

i 2.1  Two-Way  Alternate;  Switched  Point-to-Point 

2.2  Two-Way  Alternate;  Switched  Point-to-Point  with 
Identification 

2.3  Two-Way  Alternate;  Nonswitched  Point-to-Point 

2.4  Twc-Way  Alternate;  Nonswitched  Multipoint  with 
Centralized  Operation 

2.5  Two-Way  Alternate;  Nonswitched  Multipoint  with 

■ Centralized  Operation  and  Fast  Select 

2.6  Two-Way  Alternate;  Nonswitched  Multipoint  with 
Noncentralized  Operation 
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Al 

Message  Oriented;  without  Replies  and  without 
Longitudinal  Checking 

A2 

Message  Oriented;  without  Replies  and  with 
Longitudinal  Checking 

A3 

Message  Oriented;  with  Replies  and  without 
Longitudinal  Checking 

> 

Bl 

Message  Associated • Blocking ; with  Longitudinal 
Checking  and  Single  Acknowledgements 

•* 

32 

Message  Associated  Blocking;  with  Longitudinal 
Checking  and  Alternating  Acknowledgements 

FUTURE  ESTABLISHMENT  AND  TERMINATION  SUBCATEOORIES 

f 

X 2 . 7 

Two-Way  Alternate;  Nonswitched  Multipoint  with 
Centralized  Operation  and  Multiple  Slave  Trans- 

t 

mission 

. 

X2 . 8 

Two-Way  Alternate;  Nonswitched  Multipoint  with 
Noncentralized  Operation  and  Multiple  Slave 

Transm i ss ion 

i 

i 
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Message  Independent  Blocking;  Noncontinuous  Operation 
with  Longitudinal  Checkiny  and  Alternating  Acknowledge- 
ments 
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D.3.4.1  Circuit  Types 

Full  duplex  circuits  may  be  considered  to  be  organized 
as  in  Figure  D-10.  In  this  case,  all  terminals  can  hear  the 
concentrator  and  the  concentrator  can  hear  all  terminals; 
however,  no  terminal  hears  another  terminal  directly.  Half 
duplex  circuits  may  be  considered  to  be  organized  as  in  Figure 
D- 11 . In  this  case,  all  terminals  and  the  concentrator  hear  the 
transmissions  of  all  other  terminals  and  the  concentrator.  One 
( of  the  differences  between  the  two  circuit  organizations  is  that 

with  full  duplex  the  concentrator  can  transmit  a message  at 
the  same  time  a terminal  is  transmitting,  but  all  terminal-to- 
terminal  intra-circuit  messages  must  pass  through  the  switch- 
ing concentrator;  whereas  with  half  duplex,  only  one  device, 
either  concentrator  or  terminal,  can  transmit  at  a time, 
but  messages  may  be  delivered  directly  between  terminals 
without  passing  through  the  concentrator. 

Selection  of  the  best  of  the  alternative  procedures 
for  use  with  the  medium  speed  NADIN  terminals  requires  con- 
siderable study,  and  such  study  is  currently  underway. 

However,  for  the  purposes  of  this  report,  it  is  sufficient  to 
select  a reasonable  candidate  such  as  2.6  - A2,  a procedure 
appropriate  for  half  duplex  circuits.  Flow  charts  for  this 
procedure  are  shown  in  Figures  D-12  and  0-13.  In  the  analysis  i 

which  follows,  circuits  have  a nominal  capacity  of  C = 1200 
bps.  The  terminals  all  operate  in  a 10  unit  code  composed 
of  7 information  bits,  1 parity  bit,  1 start  bit,  and  1 stop 
bit.  Thus,  a character  requires  8.333  milliseconds  for  trans- 
mission . 

Tn  large  part,  the  circuits  used  by  the  FAA  may  be 
expected  to  be  basic  voice  grade  Bell  System  circuits 

(3002  designation).  In  general,  the  circuits  may  be  either  j 

two-wire  or  four-wire,  and  operated  in  either  a half  duplex  j] 

i 

a 

\ 

& 
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FIGURE  D-ll:  HALF  DUPLEX  ORGANIZATION 


Subcategory  2.6:  Two-Way  Alternate:  Nonswitched  Multipoint  with  Noncentralized  Operation 
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or  full  duplex  mode.  The  Bell  System  recommends  (Tech  Ref. 

PUB  41004)  that  in  multipoint  circuits  with  more  than  six 
stations,  four-wire  circuits  be  used  for  both  half  duplex 
and  full  duplex  operation.  In  the  FAA  today,  virtually  all 
circuits  are  four-wire,  half  duplex.  In  this  analysis,  only 
four-wire  circuits  will  be  considered. 

The  Bell  System  will  not  specify  a nominal  propaga- 
tion delay  for  the  3002  channel,  due  to  extreme  variations 
depending  on  a number  of  physical  attributes  of  the  circuits. 
The  specified  maximum  of  50  ms  appears  to  be  excessive;  however, 

an  estimate  of  20  ms  as  a nominal  value  appears  reasonable* 

It  is  this  latter  value  that  will  be  used  in  the  following 

analysis . 

D.3.4.2  Modem  Operation 

Data  is  transferred  over  the  channel  through  the  use 
of  modems.  Most  modems  for  a 1200  bps  data  rate  employ  an 
asynchronous,  FSK  transmission  scheme  and  are  controlled 
through  the  EIA  RS-232  standard  interface.  The  interface 
signals  are  listed  in  Figure  D-14.  Of  particular  significance 
in  a dedicated,  multipoint  polled  operation  is  the  sequence  of 
signals  shown  in  Figure  D-15.  This  sequence  occurs  when  a 
terminal  responds  to  a polling  request.  The  terminal  (DT^) 
must  first  alert  its  modem  (DS^)  that  it  intends  to  send  data 
(CA^  true-request  to  send) . The  modem  starts  transmission 
of  the  carrier  (T)  and,  after  a preset  delay,  tells  the 
terminal  it  is  ready  (CB^  true-clear  to  send) . Prior  to  this 
event,  the  modem  at  the  other  end  (DS2)  should  have  detected 
the  carrier  and  announced  1-0  the  central  (DT2)  that  trans- 
mission was  being  received  (CF  true-received  line  signal 
detector).  Upon  receipt  of  the  clear-to-send  signal,  the 
originating  terminal  (DT^)  supplies  its  modem  (DS-^)  with 
data  (BAj  - Transmitted  Data) . The  data  is  sent  in  an  FSK 
mcde  (T)  and  detected  by  the  modem  at  the  other  end  (DS^)- 
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:h ls  modem  transfers  the  lat,  • ti  jit-’l  form  to  the  central 
(BB2  - Received  Data).  Aft e/  t’e  riginating  terminal  (DTj ) 
has  completed  its  transfei  of  d t , t removes  the  request-to- 
send  (CA,  - False).  The  carrier  (r  > s en  removed  and 

i. 

clear- to-send  is  cancelled  (CTg  - i v) . At  the  other  end, 
the  modem  (DS.;)  indicates  the  • rmination  of  carrier  (CF^  - 
False)  and  clamps  the  received  date-  (BB_)  • 

In  order  for  the  above  sequence  to  occur,  it  is 
necessary  that  both  the  mod  ms  and  t'urainals  be  in  a "ready" 
condition,  indicated  by  the  signals  ce  (Data  Set  Ready)  and 
CD  (Data  Terminal  Read  ) both  being  true.  These  signals  imply 
power  is  on  and  the  units  are  operational,  which  is  the 
normal  case  in  the  FAA  operation  i'n  the  initial  investigation, 
these  signals  will  be  assumed  always  true.  Performance 
during  the  exceptional  cases  will  be  considered  later. 

D.3.4.3  Basic  Timing  Relationship; 

In  the  control  signals  de.c  <■ : oed  above,  the  longest 
delay  element  is  the  CA-CB  (request-bo-  send  - clear-to-send) 
response  time.  This  delay  iecor-^  on  be  particular  modem 
design  and  options  selected  on  t.)>  - •>.-=  r:  of  circuit  character- 
istics. For  a four-wire,  multipoo:  circuit  (without  talk- 

back  {.'ridges ) , the  Bell  System  '<  ?R  • 1 nit, ally  set  for  a 

60  msec  delay,  but  can  he  optiore 1 iy  -at  ror  a 20  msec  delay 
if  fast  turnaround  is  required  Tl,  Collins  TE--1  200  is 
nominally  set  at  8 msec.  Oth«t  • 1 ■ s ma>  have  different 
delays.  For  this  study,  all  t • ■ w.  >:  on?  veil  be 

based  on  Bell  System  20 -’F  nr  d<=  • , ■ : appear  rather  con- 

servative in  performance,  an  rel  1 icctr  anted , and  are  possible 
choices  for  actual  FAA  use.  T ic  ■•np-tci  f modems  w h less  del  a* 
(including  use  of  own  timing  vet  s tl  will  be  evaluated 

la  ter . 
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In  addition  to  the  CA-CB,  other  delays  are  present  in 


the  modems.  For  a 202R  modem,  the  carrier  turn-off  delay 
(with  "quick"  option)  is  7 milliseconds,  and  the  received  line 
signal  detector  time  cielay  (termination  of  carrier  to  CF  - False) 
is  nominally  15  milliseconds. 

In  the  half-duplex  (HDX)  case,  only  one  unit  (ter- 
minal or  central)  can  transmit  at  a time.  In  this  section,  we 
can  consider  the  timing  involved  for  a transmission  of  a block 
and  return  of  circuit  to  ready  status,  i.e.,  the  time  from 
originating  station  making  request- to-send  true  until  the  time 
when  the  next  station  may  be  permitted  to  make  request-to- 
send  true.  This  timing  is  detailed  in  Figure  D-16  and  Table 
D-5,  and  is  found  to  be,  for  a block  of  N characters, 

TBHDX  = N x 8.33  + 72  milliseconds 

Three  basic  operations  of  positive  poll,  negative 
poll,  and  concentrator  delivery  of  a message  may  be  viewed 
as  composed  of  the  following  basic  events: 

1.  Polling  message 

2.  Negative  response  message 

3.  Select  inquiry 

4 . Positive  select  response 

5.  Negative  select  response 

6.  Message  delivery 


Event  5 can  be  disregarded  in  this  analysis. 

The  time  for  the  three  basic  operations  can  now  be 
formulated  in  t^rms  of  the  above  events: 


IGURS  D- 16:  MODEM  CONTROL 


Each  of  the  events  used  in  the  above  timing  relations  is  a 

basic  TB,,.  v operation  (transmission  of  a message  of  N charac- 
HD  X 

ters),  differing  only  in  the  number  ol  characters  being  trans- 
mitted . 

D.3.4.4  Delay  Analysis 

In  order  to  define  these  timing  relationships 
precisely,  it  is  necessary  to  determine  the  number  of  charac- 
ters used  in  the  various  operations.  Thete  are  no  established 
7-unit  code  formats  for  AFTN  mesvaae  but  the  FAA  has  proposed 
one  for  AFTN  (See  Attachment  1) , whieh  will  be  used  in  tnis 
analysis.  A NADIN  format  is  proposed  in  Appendix  G;  this  or  other 
formats  and  variations  can  be  easily  incorporated  in  the 
analysis  at  a later  date. 


Based  on  the  format  give:  in  Attachment  1,  tht  message 

length  L is  composed  of  the  following: 


Header : 


0 A,  A A N,  N N 
H 1 6 


*4  A5 


A_  A„  A 


10  "11 


D D H H M M 


A.  „ A.  - A . . A«  _ A ^ A . ~ ^ — 
12  13  14  la  16  17 


T (TEXT)  ”, 

X r 

Ending:  E B E 

TOO 
X C T 

The  notation  is  explained  in  Table  A i(  except  for  the  ANSI 
control  characters,  which  are  explained  in  Attachment  1. 

Note  that  an  EOT  character  has  beer,  added  to  the 
end  as  part  of  the  ANSI  termination  procedures  and  the  BCC 
character  has  been  added  as  the  error  control  -b’racter  part 
of  message  transfer  sub-categoiy  A2 . This  gives  an  overhead 
component  of  41  characters,  conveniently  consistent  with  the 
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q i.  al  biased  exponential  distribution  of  the  message  length  dis- 
t r ibution  developed  in  Appendix  C. 


A polling  message  requires  a terminal  identification 
ode,  identification  of  polling  operation,  and  ENQ  character. 

' jsumi  Tig  a sinyle  character  is  sufficient  for  station  identi- 
"ic  ticn,  the  po’ling  message  requires  a three  character  trans- 
mission. The  neqative  polling  response  is  simply  an  EOT  char- 
i ac*er.  Thus,  the  negative  polling  time  is  simply: 

T j.  4 x 8.3  3 + 2 x 7 2 ms,  or 
Js|p  ~ 1 7 7 ms 

The  select  inquiry  operation  also  requires  a three- 
.haracter  code  (station  identification,  select  designation, 
mn  ENQ) . A positive  selection  acknowledgement  can  be  a 
sin-jle  character,  ACK,  or  a two-character  code  identifying 
.-.e’ected  station,  I ACK.  The  latter  will  be  assumed  for  error 
m.rol.  The  positive  poll  timing  is  then: 

T = (3  x 8.33  t 72)  + (3  x 8.33  + 72) 

+ (2  x 8.33  + 72)  + (L  x 8.33  + 72) 

- 355  + L x 8.33  ms 
The  concentrator  delivery  time  is: 

Tc  = (3  x 8.33  + 72)  + (2  x 8.33  + 72) 

+ (L  x 8.33  + 72) 

= 258  + L x 8.33  ms 


These  values  ere  th  ■ in  the  pa.'  ic  service  time 


formulae  developed  ear  lier  to  jive: 


X^  = 1.26  seconds 


X‘  = 2.10 

X9  = .09M  + 1.18  seconds 

X *:  - .01M2  + . 21M  + 1.8  2 

Delay  versus  throughput  curve,  using  these  values  have  been 
generated,  and  are  shown  in  Figures  D-17,  D-3  8,  and  D-19. 

These  curves  have  the  same  basic  form  as  those  produced  in 
the  previous  sections.  However,  note  that  both  axes  have  been 
soiled  by  an  order  of  magnitude,  reflecting  the  fact  that 
voice  grade  circuits,  in  comparison  with  low  speed  circuits, 
provide  an  order  of  magnitude  increase:  in  throughput  along 
with  an  order  of  magnitude  reduction  in  delay.  Thus,  although 
the  same  basic  observations  car:  be  made  about  these  curves 
as  was  made  about  the  earlier  curves,  the  quantitative 
aspects  of  the  analysis  are  different.  In  particular,  the 
average  total  delay  of  a message  over  the  terminal  circuits 
( terminal -to-concentrator  plus  cone on  fra tot  - to- terminal ) 
should  be  no  more  than  eight  second1  (instead  of  90  as  for 
the  low  speed  case).  As  before,  a 5 . n /ease  in  throughput 

over  the  nominal  design  value  shoul r no  tore  than  double  the 
total  delay.  For  the  M - 5 curve,  th  occurs  with  a throughput 
of  approximate].'/  .180  KCHR/HR,  hal  ing  aop 1 oximatoly  a 4 second 
average  delay  on  the  terminal -to-cor  entntor  Jink  and  approx- 
imately a 2 second  average  delay  on  the  concentrator-to- 
terminal  Jink. 
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FIGURE  D-17:  NADIN  TERMINAL 


i 

i 

1 


i *■ 


Using  the  same  basi  pi  urc  tor  constraint  deve’op- 
lesc  , ' :onstraint  approximatioi 

is; 

210  - 6M  KCHR/UP. 

CONCENTRATOR  - SWH  -JH  ItCt-  ’ ’ 

The  circuits  connecting  concentrators  to  switches 
will  be  leased  four-wire  voir,  - h , toil ' * • s having  the 
basic  characteristics  as  described  w Section  0,3. 4. 2.  Modems 
can  be  obtained  to  operate  the  circuits  at  the  nominal  rates 
of  1200,  1800,  2400,  3600,  4800,  7200,  and  9600  bps.  The 
•pprapriate  rates  will  depend  on  traffic  to  be  supported  by 
the  circuits  . The  circuits  will  be  operated  in  a full 
duplex  mode  using  the  control  procedures  defined  in  the 
DISP/4  Report  for  a balanced  . int- to-point  configuration. 

These  procedures  are  similar  • ' tl  . NSI  Advanced  Data  Comm- 
unication Control  Procedures  (&DCCP),  and  are  based  on  a 
synchronous  communications  sc  tome  incorporating  a basic  frame 
structure  as  outlined  below 

FAC' ext  FCS  F 


where 

F - is  an  eight  oit  delimiter  (01111110)  called  a 
flag.  It  is  a uni gue  pattc.  ’ of  bits  that  is 
prevented  from  appearance  elsewhere  by  insert- 
ing a zero  after  ar.\  sec;  jor.ee  of  five  one's 
at  the  transmitting  ei-  and  deleting  the  corre- 
sponding zero  at  : ■ r • v 5 end; 

A - is  an  eight  bit  address  field; 

C - is  an  eight  bit  control  field:  nd 

FCS  - is,  a sixteen  b.i  1 poiyi.omi  l error  checking 
code  sequence. 
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[(  In  this  procedure,  the  text  is  transparent,  i.e.,  there  are 

no  restrictions  on  the  text  code.  The  text  transparency 
permits  efficient  coding  of  information  and  allows  future  alter- 
ati  ns  in  information  structure  to  take  place  without  affecting 
the  -ommunications  environment. 

1’he  protocol  distinguishes  a primary  station  as 
the  one  .'hich  originates  commands.  In  order  for  each  of  two 
stat  cns  to  be  able  to  originate  message  transmissions, 
i :■  nmarv  /Primaiy  configuration  is  defined  (balanced  point- 
I ' to-p1  int • , as  shown  in  Figure  D.20.  At  station  A,  messages 

| to  b sen*  to  station  B are  transmitted  via  the  station  A 

r rinar-  to  the  station  B secondary.  The  station  B secondary 
I res  onse  . (i.e.,  acknowledgements)  are  then  returned  to  the 

station  A primary.  Similarly,  messages  to  be  sent  from 
station  B to  station  A are  transmitted  via  the  station  B 
primarv  to  'he  station  A secondary.  This  division  permits 
an  ■ asy  accounting  of  seguer.ee  numbers  and  secondary  state 
variables.  Not.  chat  a full  duplex  modem  interface  at  each 
static,  suggests  two  software  function  modules.  Line  Control 
Jit  for  trmjmi.'.aor  and  Line  Control  In  for  reception. 

Kespor.es  cariyii.j  the  secondary's  own  address  allow  the  tj 
Control  In  modules  to  det  rmine  to  which  nodule  (primary  or 
re  >ndai  / ■ an  .tnving  frame  is  to  be  transferred. 

The  16  bit  polynomial  code  provides  a means  of 
identifying  a frame  with  a transmission  error.  To  correct  an 
ei  : or,  it:  is  necessary  to  retransmit  the  frame.  Acknowledge- 
•icnts  must  be  returned  to  the  sender  of  the  frame  to  identify  wl.ich 
‘'ram  s ir  ‘ no  retransmitted.  If  each  new  frame  must  war  ‘ l > 
ih  p vi our  frame  to  he  acknowledged  before  it  is  1 rans- 
mitted,  the  procedure  is  called  stop  and  wait  automatic  repeat 
e<  uest  (L'&W  ARQ)  . If  frames  are  continuously  transmitted 
w. thuef  waiting  for  acknowledgements,  but  when  neqative 
acknowledgements  occur  the  negatively  acknowledged  frame  and 


i 


r 


all  subsequently  transmitted  fr  .iru:s  re  retransmitted, 
the  procedure  is  called  continuous  ARQ.  On  full  duplex  facili- 
ties, the  continuous  ARQ  is  substar  '.rial  1>  more  efficient  than 
S&W  ARQ  and  will  be  used  in  this  analysis. 

The  performance  of  ie  continuous  ARQ  procedure  is 
described  in  terms  of  the  effective  line  speed  (versus  the 
nominal  line  speed)  given  by: 


sE  > s 


1 - Pin) 

1 + X P (n) 


where : 

SF  - is  the  effective  line  speed, 

S - is  the  nominal  line  speed, 

P(n)-  is  the  probability  that  a frame  of  n bits 

has  an  error  and  thus  must  be  retransmitted , 

X - is  the  minimum  number  of  frames  for  re- 
transmission. 

The  average  frame  sice  is  given  by  the  sum  of  the  frame 

overhead,  48  bits,  (second  flag  must  e received  to  identify 

end  of  frame)  and  the  message,  110  c iractcrs.  Assuming 

eight,  bits  per  character  (allowing  a!  messages  to  be  in 

ITA  #5  code),  this  gives  a frame  size  c:  9zb  bits.  Based 

on  the  Bell  System  Technical  Reference  PUB  4 1007  (1969-70 

lw  tched  Telecommunications  Network  C .ntviot  Survey) 

leased  circuits  should  be  obtainable  .i  th  a frame  error  rate 
-2 

.i 1 a mt. . . „ . 


of  less  than  10 


Thus : 


P (928)  = .01 

The  value  of  X is  given  bv: 


where : 


^yj  - signifies  the  smallest  integer  greater  than 
or  equal  to  any  given  value  y; 

tR  - is  the  maximum  length  of  time  within  which 
an  "accept-no  accept"  response  is  expected 
from  the  receiving  station  after  the  last 
bit  of  the  frame  has  been  transmitted;  and 

n - is  the  average  number  of  bits  per  frame  (928). 

the  value  of  tR  can  be  found  from  the  relation: 

tR  = . 1 + g + g—  seconds 


where : 

.1  - second  is  the  sum  of  the  propagation  delay 

and  processing  time  for  the  frame; 

g-  - is  the  approximate  maximum  queueing  time  for 
the  response  (with  responses  given  non- 
preemptive  priority  for  the  channel  o/cr 
message  transmission) ; and 

4 0 

— - is  the  transmission  time  of  the  response 

b 

(only  one  flag  needed  since  no  text). 

Using  these  values,  the  effective  line  speeds  for 
the  range  of  nominal  speeds  listed  earlier  are  all  approximately 
3o  less  than  the  nominal  values.  This  result  can  now  be  used 
to  appraise  the  total  delays  in  message  transfer  from  a concen- 
trator to  a switch  and  from  a switch  to  a concentrator.  Note 
chat  h-  symmetry,  these  two  delays  will  have  the  same  average. 

A single-server  queueing  model  is  again  appropriate 
for  the  system,  with  Poisson  arrivals  and  a biased  exponential 
service  time.  The  biased  exponential  is  now  composed  of  an 
overhead  constant  consisting  of  the  previous  40  characters 
‘or  the  message  plus  a frame  overhead  of  48  bits  resulting  in 
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an  average  total  message  length  vt  928  bits  with  a constant 
component  of  368  bits  (assuming  eight-bit  characters).  The 
message  length  distribution  now  has  a coefficient  of  variation 
equal  to  .36.  For  conservative  analysis,  a coefficient 
of  variation  of  .60  will  be  used.  The  rotal  time  required  for 
message  transfer  may  be  expressed  with  the  aid  of  the  Polloczek- 
Khintchine  formula  as:  _ 

i e (i+cn 

TCS  A [ r 2 (1  -r)  1 


where: 

X - is  the  average  service  time  of  a message 
(sec/msg) ; 

C - AX  is  the  circuit  utilization: 

2 

C - is  the  coefficient  of  variation. 


The  average  service  time  of  a message,  X,  is  simply  the  message 
length,  in  bits,  divided  by  the  effective  line  rate,  in  bits 
per  second,  or: 


Using  this  result,  the  delay  versus  throughput  curves  for  the 
nominal  line  speeds  listed  earlier  arc  shown  in  Figure  D-21. 

In  these  curves,  the  throughput  is  in  d 11 ions  of  message 
characters  per  hour,  i.e.,  the  throughput  only  includes  the 
characters  in  the  text  portion  of  the  frames,  not  the  control 
frames  nor  the  overhead  bits  ;n  a messaur  name. 

The  curves  shown  in  Figure  D-z ) are  quite  similar 
in  form  to  those  -presented  ’ n ‘he  previous  section.  In  order 
tc  design  the  NADIiJ  properly,  it  is  neces-ary  to  select  a 
line  speed  for  the  concontrator-to-swi  ch  circuit  which  will 
ensure  both  reasonable  delay  and  reasouaole  insensitivity  to 
error  in  traffic  estimates.  Thus,  as  before,  with  a requirement 
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that  a 2B%  increase  in  traffic  less  than  double  the  total 
delay,  appropriate  line  speeds  can  be  determined  as  a function 
of  the  required  throughput.  Based  on  the  results  presented 
above,  Table  D-6  has  been  generated  showing  appropriate  line, 
speeds  as  a function  of  the  throughput  requirements.  Also 
shown  are  the  maximum  delays  which  may  result  from  such 
selections.  Note  that  in  all  cases  the  delay  is  less  than 
one  second . 

D.5  SWITCH  - SWITCH  CIRCUITS 

The  circuits  interconnecting  switches  will  be 
leased  four-wire,  voice-grade  facilities  having  the  basic 
characteristics  as  described  in  Section  D.3.4.  The  circuits 
will  be  operated  in  a full  duplex  mode  using  the  same  basic 
control  procedure  described  in  the  previous  section  for  the 
exchange  of  information.  However,  as  part  of  the  NADIN 
concept,  the  switches  are  to  be  part  of  the  Common  ICAO  Data 
Interchange  Network  (C1DIN) . As  part  of  CIDIN,  the  switch 
operation  will  have  to  be  consistent  with  the  functional 
specifications  for  CIDIN  being  developed  by  the  ADIS  Panel 
of  ICAO.  The  impact  of  these  specifications  on  NADIN  are 
urrently  being  investigated  in  detail.  However,  for  the 
purposes  of  this  report,  it  is  sufficient  to  note  that  as 
part  of  these  specifications,  an  additional  overhead  will 
occur  in  the  frame  structure  used  in  transferring  information 
between  the  switches.  The  basic  frame  structure  as  described 
in  the  ADISP/5  Report  is: 

. uF  CCP  CDF  DI.CF 

where  DLCF  (Data  Link  Control  Field)  is  the  basic  flag,  control, 
address,  and  frame  check  sequence  fields  used  for  frame  transfer 
O'er  the  circuitry  as  described  for  the  ADCCP  procedures  in 
th<  previous  section;  CCF  (Communications  Control  Field)  is 
the  additional  information  to  permit  routing  of  messages 


through  multiple  switches;  and  f'DF  (Communications  Data 
Field)  is  the  actual  message  being  sent  The  CCF  is  the  part 
which  contributes  addition <1  overhead  compared  to  that  of 
the  basic  procedure  of  the  previous  section. 

The  CCF  includes  all  information  required  to 
implement  the  network  control  procedures  specified  for  C1DIN. 

It  is  composed  of  indicators  used  to  identify: 

• Entry  and  exit  switching  center  addresses, 

• Mcssaqe  typo  and  priority, 

• Message  and  frame  numbers, 

• Message  code  and  format, 

• Network  error  control  information. 

The  CCF  is  generated  by  the  initial  switching 
center  receiving  the  message  (entry  SC)  and  is  interpreted  by 
each  SC  which  must  relay  the  message  or  direct  it  to  one 
of  its  terminals  or  concentrators.  The  basic  format  of  the 
CCF  is  shown  in  Figure  D-22  and  interpreted  in  Table  D-7, 
both  taken  from  the  ADISP/5  Report.  As  can  be  seen,  the  basic 
overhead  increase  is  an  additional  40  bits  per  frame.  This 
gives  a less  than  5%  increase  in  the  overall  average  frame 
size  for  NAD  IN  messay  s as  compare'  to  the  basic  size  developed 
in  the  previous  section.  This  is  well  wi thin  the  design 
tolerances  used  in  developing  Tnole  ' .>  and  thus  this  table 

is  also  used  to  specify  the  required  capacities  for 
switch-to-switch  circuits  as  a func  ion  of  the  throughput. 

D . 6 NADIN  PERFORMANCE 

In  the  previous  so  ns,  the  components  of  NADIN 
operation  that  determine  the  rraversal  time  of  a message  from 
its  origin  to  its  destination  have  been  analyzed.  Constraints 
to  ensure  reasonably  conservative  designs  wore  developed  on  the 
basis  of  equipment  characteristics  and  as  a function  of  the 
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traffic.  The  performance  of  a NADIN  network  designed 
consistent  with  these  constraints  can  be  summarized  by  the 
following  values  for  the  average  component  times  contributing 
to  the  traversal  time: 


TC 

(Terminal-to-Concentrator ) 


Service  B,  AFTN  50  sec, 

Voice  Grade  NADIN  < 5 sec, 


CT 

(Concentrator-to-Terminal ) 


Service  B,  AFTN  <_  30  sec, 

Voice  Grade  NADIN  < 3 sec, 


T T 
CS'  SC 

(Concentrator  - Switch  also 
Switch  - Concentrator) 


1 sec . 


SS 


(Switch -to-S witch) 


1 sec , 


Thus,  the  maximum  average  delay  of  messages  occurs 
when  messages  originate  at  a Service  B terminal,  are  destined 
for  a Service  B terminal  on  a different  circuit,  and  this 
circuit  is  connected  to  a different  concentrator  at  a different 
switch.  This  delay  is  approximately  83  seconds.  The  average 
'lay  of  messages  originating  at  new  medium  speed  terminals, 
destined  for  similar  terminals,  located  on  different  circuits, 
connected  to  different  concentrators , at  different  switches 
is  approximately  11  seconds.  The  use  of  multiplexers  instead 
of  concentrators  would  reduce  the  delays  by  about  two  seconds. 
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but  would  have  severe  impact  on  cost  and  processing  require- 
ments at  the  switches. 


i 

i 


The  NADIN  design  constraints  are  structured  to 
ensure  reasonable  delays  for  the  specif Led  load  conditions.  . 
Thus,  the  proper  design  will  vary  with  the  traffic  require- 
ments. However,  to  appraise  the  basic  capacity  of  the  designs 
produced  using  the  constraints  that  were  developed,  the 
following  observations  may  be  made: 

• The  maximum  traffic  whi  h can  be  handled  in 
each  direction  between  two  switches  is  2.8  x 10 
characters  per  hour  or  approximately  150£  of  the 
1984  requirement  if  all  messages  had  to  be  trans- 
ferred over  a switch-to-switch  link.  Since  a 
significant  portion  cf  the  traffic  is  not  expected 
to  require  such  transfer,  there  is  more  than 
adequate  potential  capacity  in  this  level  of  the 
network . 

• The  maximum  traffic  which  can  be  handled  in  each 
direction  between  a switch  and  concentrator  is 

2.8  x 10^  characters  per  hour.  This  is  almost 
an  order  of  magnitude  more  than  that-  expected  for 
even  the  busiest  concentrator. 

• The  maximum  traffic  capacity  of  terminal  circuits 
is  2.2  x 10 1 characters  per  hour  (with  modern 
terminals  on  voice  grade  circuits).  This  is 
approximately  30  messages  per  minute  which  is 
considerably  more  than  operator  capability,  thus 
assuring  reasonable  capacity  for  multidropping 

in  even  the  busiest  cases. 

On  the  basis  of  these  observations,  it  can  easily  be  concluded 
that  the  communication  options  being  considered  for  the  NAD1N 
design  are  more  than  adequate  for  the  range  of  requirements 
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expected.  Design  consistent  with  the  constraints 
developed  in  this  appendix  will  have  reasonable  delay 

performance,  be  relatively  insensitive  to  errors  in  traffic  J 

projections,  and  yet  be  cost-effective  in  equipment  utilization. 

The  maximum  throughput  values  given  above  are  those 
that  can  be  achieved  with  the  basic  NADIN  architecture  of 
oncentrators  and  synchronous  high-speed  lines  interconnecting 
concentrators  and  switches.  Specific  designs  in  accordance 
with  this  architecture  use  equipment  capacity  and  line  speeds 
appropriate  for  the  actual  throughput  required,  with  corre- 
sponding costs.  The  maximum  values  represent  the  fundamental 
capacity  of  the  architecture,  and  not  a design  requirement. 
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4.4.18.1  HEADING. 


All  massages,  other  than  those: 

i)  prescribed  in  4. 4. 1.5. 2. 2,  4.4.11.1.5, 

, or  4 .4 . 2 

it)  excepted  in  3. 3.8. I 

iii)  which  are  caused  to  be  incomplete 

as  a result  of  the  action  prescribed 
in  4.4.13.7  or  4.4.15.2. 

iv)  vhich  do  require  handling  on  AFTN 

circuits  for  any  part  of  their  routing. 

shall  comprise  the  components  specified  in 

4.4.13  .j  to  o •<  ir  'l  inclusive. 

It  the  subsequent  standards  relative 

Co  res  saga  format  the  following  smybols 

. . : 1 ...  .id  in  mal.ing  reference  to  the 

functions  assigned  to  certain  signals 

in  c ■'  • ICAO  7-unit  coded  character  set. 

(See  An  rax  10,  Volume  I,  Part  1,  page  71 

;vi  72).  in  most  instances  graphical 

'.mods  have  been  assigned  to  other 

. o retail y nonprinting  characters,  which  should 

be  - misrdized  to  the  extent  possible  in 

nc  with  Table  _ on  page  . 

3 "bol  Signification 

4-  CARRIAGE  RETURN  (Character  position  0/13) 

LINE  I-'EED  (Character  position  0/10) 

Eh  SPACE  (Character  position  2/0) 


The  Heading  shall  comprise  all 
characters  from  the  Start-o£- 
Headir.g  (SOH)  up  to  and  including 
Start  of  Text  (STX)  , and  will  be 
structured  as  follows: 

4.4.18.1.1  FIRST  LINE. 

The  Start-of-Heading  (SOH)  con- 
sisting of  character  0/1. 

4.4.18.1.2  The  Transmission 
Identification  comprising: 

a)  Circuit  Identification. 

b)  Channe  1 - s »<j  ien  • . nuxabe  r. 

4.4.18.1.2.1  Sirm  as  4.4.2.  1.2.1. 
except  selection  and  assignment 

is  by  the  circuit  control  station. 

4.4.18.1.2.2  o ’.m  : i,  4.  A . . 1 . 2 . 2 . 

4.4.18.1.2.3  The  T ’ iusm: s . *n 

Identifier  ' nn  shall  b:  *at  over 

'.ti  ■ c L if  :u  t at  allowing 

s s juer.ee : 

■ i)  Transir.itting-te n ic.al  letter 

b)  . : ■ a . 

c)  Channel.-,  h utn.  ti  n 1 ct  r 

i)  Chann ••  l- sequence  r m '•  r (3 


• i 


. 1.2.6  Additional  material  may  be 
i following  the  Transmiss Lon  Identifier 
-i  d on  between  the  authorities  rasoonsible 


FF (or  c;o)  Flight  safety  messages 
(see  4.4.  L.  1.3) 

CG(or  JJ)  Meteorological  ires  sages 
(see  4.4. 1.1.4) 


s-..:ration  of  the  circuit.  Such  additional  GC(or  JJ)  Flight  regular  i ty 

messages  (see  4. 1.1.5) 


. - .1  will  b ■ preceded  by  a JP4CE  (4.)  and 

JJ  Aeronautical  ad-  ia.i 

in  linj-of -Line,  consisting  of  CARillACE  trativo  messages  (.  ;<s 

4.4.1. 1.6) 

( . >,  IT.  Z FEED  ( 1 ) . When  so  such 

KK  Reservation  ice  ;sa.,  . ; 

■ 1 mate  rial  is  added  (lie  information  (see  4.4. 1.1.8) 

> t . • . ' .1.2.)  shall  be  followi  ng  inn.  diatoly  (as  appro  >r  ■ lte)  Servic..  messages 

..  ...\CE  b. t JR'I  (<-),  LINE  FEED  ( E ) . LL  Ceneral  aircraft 

operating  agency 

.1.3  ADDRESS.  . messages  (see  4.4 

:r  ,s  shall  comprise  4.4.13.1.3.2  Same  as  4.4. 1.2 

i .riortty  Indicator  4.4.13.1.3.3  Sane  as  4. 4. 4.1. 

' ! iv-issa--  Indicator(s)  . 4.4.18.1.3.4  The  completion  o 

•• ' ■ -at  Function  (<r<f  = ) Addressee  Indicator  group(s)  i 

. .1.3.1  The  Priority  Indicator  shall  address  of  a message  shall  be 

consist  of  the  appropriate  2-letter  group  assigned  immediately  followed  by  an 

• h.:  .•rigi  a. (tor  in  accordance  with  the  ’ Alignment  Function, 

cwliowiua:  4.4.13.1.4  ORIGIN 

The  origrn  shall  . ..  orise: 

’’n  or  i ty 

I --nr  Massa-o  Category  .,1  p.:tf,v»  t;  r > 


LL  Ceneral  aircraft 

operating  agency 
messages  (see  4.4.1.l.s 

4.4.13.1.3.2  Same  as  4.4. 1.2 

4.4.13.1.3.3  Sane  as  4.4 .4. 1 . 3 .4. I 

4.4.18.1.3.4  Xht;  completion  of  the 
Addressee  Indicator  grc.jp(s)  in  the 
address  of  a message  shall  be 


v o Category 

a) 

Filing  Tima 

)i  jtr.  S3  re t sn  gn s , d i s t r 

ess  traffic 

h) 

Ori  gin  ttor 

a!  urgency  messages  (s 

a 4.4.1. 1.1 

) 

4.4. 1.1.2) 

-) 

Priority  A larva  (■•'.  a n-: 

:'’S5i"«3  justifying  the 

require  - 

d) 

Network  Ackr: j'  M-’e’VfiitC 

want  for  special  priorit 

y handling 

(when  necessary) 

(sea  4. 4. 1.2. 3,  4.4. 1.2. 

3.  1) 

u) 

New  line  (<  l ) 

, *S  0»-  • » 


r 


! i ....  l The  til  Lng  t ime  sha  1 1 
the  6-digit  dace-time  group 
• the  date  and  Cim.;  o t'  filing 
for  transmission  (see 

. 1 . . . 2 Sane  as  4. 'a. 5. 2 (change 

. "bol  to  (H  )). 

1 -.3  The  priority  alarm 

..bid  only  for  distress 

, , 1 is  tress  tea -fie  and  urgency 

When  used  it  shall  consist 

utcessive  BEL  (0/7) 

...  (Ada  Note  2 as  Note  1) 

i The  Network  Ackrowledge- 

. Li.  be  ui-.d  to  indicate  wnen 

■ .a  .ccounting  of  the  complete 

- ; . , req”irad  between: 

. inutor  and  Addcessec (s) . 

! hit  ry  and  exit  Centers. 

) rk  Int  erface . 

•) . I ,.4.  I when  positive 

■ ; . ■ -ac  i s r squired  between 

. :ator  and  the  Addrersee(s) 
Escape  (l/ll) 

, -ters  SPACE  (<t.)  A-and  ,V 
’ • L • ' 1 1 41 «?  < I . 


*— > i i i 4 k -i | 

4.  t.l  .1.4. 4. 2 '.'hen  positive  acknowledge- 

o.c-wt  , required  between  ClDtM  centers, 

.SCAPE  (l/Ll) 

the  ch  lractecs  SPACE  (^)^and  C (4/3) 
shall  be  used. 

4.4.18.1.4. 4. 3 '.then  positive 

. .know Lodgement  is  required  for 
the  complet  ssage  between 
interfacing  networks,  over  and 
above  link  control,  the  characters 
ih.CE  (--  ) , .SCAPE  ( V.i  ) , and  I 

(4/9)  shall  he  used. 

4.4.18.1.4'  .4  Additi  Jr’  -1  ■ ii«it jctc rs  nay 

be  inserted  to  Mowing  the  Origin  liue  to  convey 

info,  matron  between  the  end;  ig  a.-.d  receiving 
. r-(  • • ..  e ^ « _ 

etaninal  or  . .ironing  c-...er.  •««  ruroca: 

tion  shall  l . ceded  ?AC  : (A)  and 
TuLIDUS)  (stroke)  (3/i.O). 

4.4. 1-,. 1.4. 5 he  Origin  Hue  shall  be 
followed  by  En  l-of-l.it  e (4:  ^ ) aad  the 
Si:art-oC-Te:;t  (3TX)(0/2)  charact.-r. 

■ -0  : > jn  ;•  •r.igraoh  4 .4 . 13 . 1 .4 . 4.  L, 

4.' ,18.1.4  4.2  and  4.4.13.1.4.43  the  code 
conversion  a raeteristics  of  the  intcr- 
i..  between  3 unit  and  7 unit  code!  character 
3 (appl  ...  «re)  will  be  required 

i »ry  ■ aup-of-cha  ictera 
for  brouo-o  . h.iracters  conversion  to 
insure  compatibility  between  the  two 
procodaT* ' > - D-7  0 


«N  ^,,''4*..  «ui»-  # * 


i 


1 


4.4.  U. 2 text 

Ttii*  T.::t  of  massages  shall  be  drafted  in 
.ice  • lane-:  with  4.1.2  whan  messages  will 
tr  ns  it  part  of  tha  AFTN  over  5-unit 
(Baudot  Coda)  circuits.  When  message 
tests  sill  be  transmitted  solely  over 
T.CAO-7  circuit.;  and  do  not  conflict  with 
ICAO  r.'.cis; ige  types  or  formats  in  Doc  4444, 
ad... is  t ra t ions  may  make  full  use  of  the 
characters  available  in  the  ICAO -7  coda 
net.  Such  use  is  envised  for  the  exchange 
of  file  and/or  table  information  or 
i.uilsr  data.  (See  Volume  T.,  pages  71-74). 

4.4.  • 3.2.1  Message  texts  shall  conform  to 
th.  provisions  of  4. 4. 6. 2. 

4. 4. Id, 2.1  In  teletypewriter  operation, 
::.i.’.-ot-Lina  Function  shall  be  trans- 
i te >:  st  the  end  of  each  printed  line  of 
;•  c.  When  it  i.s  desirable  to  con* 

ii.r  a portion  of  the  Test  of  a message 
a t Let . pavri  tor  operut  ion,  uch  ton  'irm- 
• i -r.  .shell  be  p irated  from  the  last  Text 
gr  - n.n  >..t  ilt  Iona  1 Cr.d-of-Lina  Function 
--  ■ t . an.i  sir’ll  be  Indicated  by 
th.-  br.j-.-iat ion  CFM  followed  by  the 
portion  being  confirmed. 


4.4.13.2.2  Correction  to  textual 
errors  shall  be  made  prior  to 
transmission  through  use  of 
Backspace  (0/8)  or  Back-space  (0/8) 
and  Delete  (7/15),  when  the  ossage 
is  prepared  off  -line,  except  ..'hen 
the  provisions  of  4.4. L6. 1. lb;apply. 

4.4.18.2.3  Corrections  to  ritual 

errors  made  in  on-line  operations 
shall  be  corrected  by  insure i eg 
SPACE  E SPACE  E SPACE  E SPACE 
following  the  error,  then,  retyping 
the  last  correct  word  (oc  ...  o) 

4.4.13.2.4  Except  as  provid  .1  iu 
4.4.16.1.1b)  when  it  is  di,.  .vs  red 
that  an  error  has  been  made  in  the 
text,  the  correction  shall  l- 
separated  from  tha  list  Text  group, 
or  confirmation,  if  any,  by  >.n 

End  of  Line  Function  ('em)  in  t aa 
case  •-.£  teletype -/ritoc  circui  > s. 

4.4.18.2.5  Stations  shall  ’ : a’.  1 
i.ruicatod  corrections  on  the  r ige 
copy  prioc  to  local  lei i very  ■ r a 
transfer  to  a manually  operat'd 
circuit  (Morse  or  Te Letypewr i r) . 
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APPENDIX  E 


RELIABILITY  ANALYSIS 


E . 1 INTRODUCTION 

The  purpose  of  this  appendix  is  to  consider  relia- 
bility aspects  of  the  network  architectures  for  NADIN.  In 
particular,  it  is  shown  that  concentrators  (or  multiplexers) 
generally  improve  the  reliability  of  a large  network  such  as 
NADIN  and  that  network  designs  incorporating  concentrators  can 
be  constrained  to  ensure  reliability  without  significant  cost 
increase.  Such  constraints  are  developed  for  use  in  the  NADIN 
design.  Some  of  the  results  presented  here  have  been  taken 
from  the  Telcom  report  (DOT/FAWA2707) , dealing  with  the  moder- 
nization of  Service  B,  while  other  results  are  new. 

E . 2 RELIABILITY  MEASURES 

Three  measures  of  reliability  are  considered: 

FNP  - The  fraction  of  node  pairs 
which  may  communicate, 

FNC  - The  fraction  of  nodes  which 

may  communicate  with  a central  switch, 

and 

WTD  - The  worst  case  probability  that 
a terminal  will  be  disconnected  from 
a switch. 

The  FNP  measures  the  general  reliability  of  the 
network,  whereas  the  WTD  measures  the  worst  case  reliability 
that  may  result  from  the  design.  The  FNC  measures  the  relia- 
bility in  terms  of  the  users  at  least  being  able  to  communi- 
cate with  an  intelligent  center  to  which 
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network  status  messages  and  other  general  administrative 
messages  are  generated  and  received.  These  three  measures 
were  chosen  over  other  reliability  measures  as  these  are  most 
indicative  of  the  disruption  of  service  brought  about  by 
random  failures  of  components  within  the  system. 

E.3  BASIC  ASSUMPTIONS 

The  basic  assumption  used  in  the  reliability  ana- 
lysis is  that  all  lines  connecting  two  points  fail  with  the 
same  rate.  There  are  several  justifications  for  this  assump- 
tion. First,  empirical  data  for  other  systems  indicates  that 
this  is  a reasonable  assumption.  Second,  the  exact  routing 
the  telephone  company  will  use  in  constructing  the  system  is 
not  known.  The  assumption  of  uniformity  of  link  failure  rate 
makes  the  analysis  invariant  under  routing.  Furthermore,  by 
assuming  sequential  connection  of  nodes  in  the  same  geographic 
location,  the  analysis  provides  a worst-case  bound  on  perform- 
ance. Finally,  the  assumption  of  non-uniform  link  failure 
rates  would  obscure  several  significant  results  which  are 
clear  under  this  assumption. 

The  network  connecting  switching  centers  to  one 
another  can  be  made  as  reliable  as  is  necessary  without  affec- 
ting the  regional  nets.  The  switches,  being  the  most  crucial 
components  in  the  system,  are  considered  independently.  Also, 
the  trunk  network  is  2-connected  and  thus,  the  failure  of  2 
non-adjacent  components  is  required  for  it  to  become  discon- 
nected. Analytically,  the  expected  fraction  of  node  pairs 
not  communicating  in  a minimally  2-connected  network  with  N 
nodes  and  N links  and  with  probability  of  operation  qn  and  q^ 

respectively  is: 


which  is  negligible  in  comparison  wi th  and  in  the  area 
of  interest. 

Tin  use  of  a dial-up  line  at  each  concentrator, 
which  can  b used  as  an  alternate  path  for  communication  with 
switches  >an  make  the  links  between  concentrators  and  switching 
centers  perfectly  reliable,  as  the  failure  of  two  components 
(which  in  the  area  of  interest  is  negligible  in  comparison  to 
the  failure  of  one),  is  now  required  to  disconnect  a concen- 
trator from  its  switching  center.  Similarly,  the  presence  of 
a multiplexer  at  each  concentrator  and  demultiplexer  at  one 
concentrator  with  a sufficient  number  of  spare  parts  can  be 
used  to  make  all  concentrators  perfectly  reliable.  This  can 
be  done  as  long  as  at  least  one  point  possesses  sufficient 
capacity  to  handle  the  load  of  one  concentrator . For  backup, 
it  might  be  desirable  to  provide  the  additional  capacity  of 
another  concentrator  elsewhere  in  the  network.  In  addition, 
since  each  concentrator  possesses  dial-up  capabilities  , 
protection  against  switch  failures  is  provided  so  long  as 
at  least  one  sw’itch  has  the  capacity  to  handle  the  load  of 
any  other  switch.  In  this  case  it  would  be  desirable  to 
back  up  this  switch  by  another  similar  one  at  another  location. 
An  alternative  means  of  insuring  switch  reliability  is  to  in- 
stall highly  redundant  switches. 


E . 4 ANALYSIS  PROCEDURE 

In  this  section,  the  analysis  procedure  for  eval- 
uating the  FNP  and  FNC  measures  are  discussed.  In  the  next 
section,  several  results  of  applying  this  procedure  are  pre 
sented  and  discussed.  The  discussion  of  the  WTD  measure 
fol lows . 


E . 4 . 1 


General  Procedure 


Many  evaluations  performed  on  graphs  which  are 
trees  can  often  be  efficiently  carried  out  by  recursion. 

Given  subtrees  wh^ch  have  been  evaluated,  a larger  subtree  con 
sisting  of  the  union  of  these  subtrees  can  be  easily  evaluated. 
One  can  thus  build  larger  and  larger  subtrees  until  the  entire 
tree  is  evaluated.  Since  the  networks  being  considered  can  be 
thought  of  as  trees,  with  the  switching  center  subnet  as  its 
root,  the  above  strategy  can  be  used  to  carry  out  evaluations 
on  these  networks.  Several  reliability  measures  for  randomly 
failing  networks  can  be  calculated  in  this  manner,  including 
the  FNP  and  FNC  measures  described  above.  ,It  is  this  strate- 
gy which  is  used  in  the  algorithm  described  below.  The  net- 
work is  assumed  to  be  of  tree  topology,  where  if  more  than  two 
centers  are  present,  they  are  connected  in  a star  centered  on 
node  1.  If  the  subnetwork  connecting  the  centers  is  designed 
for  very  high  reliability  compared  to  the  other  components  of 
the  network,  the  subnetwork  may  be  replaced  in  the  analysis  by 
a single  center,  and  the  one  center  version  of  the  algorithm 
may  be  used . 


E.4.2 


Analysis  Algorithm 


For  storage  purposes  in  computer  methods  of  solu- 
tion, it  is  necessary  to  impose  a linear  ordering  on  the  nodes 
of  the  tree.  This  is  done  by  defining  a father  function,  NF, 
on  the  nodes  of  the  tree.  Suppose  we  have  a tree  of  NN  nodes 
{1,  2,  ...,  NN)  where  the  nodes  have  been  labeled  in  natural 
order.  For  each  node  i,  except  node  1,  which  is  the  root  of 
the  tree,  we  define  NF  (i)  = j if  j < i and  (i,  NF  (i)  is  a link 
in  the  network.  NF(1)  is  arbitrarily  set  to  be  -1.  Thus,  as- 
sociated with  each  node  i is  a rooted  subtree  consisting  of 

nodes  with  greater  numbers  which  are  connected  to  i bv  a oath 
passing  through  nodes  with  levels  > i. 


Now,  let  us  consider  how  to  calculate  the  relia- 
bility measures  of  a tree  network  assuming  the  reliability  of 
its  elements,  nodes  and  links,  is  known. 

We  associate  with  each  node  i,  a state  vector, 
which  contains  information  relevant  to  the  reliability  cri- 
teria we  wish  to  calculate.  Let 

R(i)  = Expected  number  of  node  pairs 
communicating  in  the  subtree  rooted  at 
node  i , 

S(i)  = Expected  number  of  nodes  in  the 
subtree  rooted  at  i which  can  commu- 
nicate with  i. 

Initially,  the  state  vectors  represent  a discon- 
nected set  of  nodes.  We  then  define  a set  of  recursion  rela- 
tions which  yield  the  state  vector  of  a rooted  tree,  given  the 
state  of  its  subtrees.  As  the  algorithm  progresses,  links 
(i,  NF(i))  are  brought  into  the  tree,  merging  subtrees  into 
larger  ones,  and  the  state  vector  of  NF(i)  is  updated  to  re- 
flect the  presence  of  each  new  link  considered.  When  the  al- 
gorithm terminates,  the  state  vectors  represent  the  state  of 
the  entire  network  and  reliability  criteria  can  be  otained 

directly  from  the  state  vector  of  mode  1 without  considera- 
tion of  any  other  node. 

Associated  with  each  node  i in  the  the  network, 
(there  are  NN  nodes)  we  have 

PNl(i)  - Probability  of  node  i operating, 

PN2(i)  - PNl(i)  for  nodes  which  are  not 
terminals;  1 for  terminals 

PL(i)  - Probability  of  link  (i,NF(i))  oper- 
ating., 
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NCEN  are  switching  centers 
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NCEN  +1,  ...  , NON  are  concentrators,  and 

NCN  +1,  ...  , NN  are  terminals. 

If  there  is  more  than  one  switching  center,  the 
father  of  the  tree  is  arbitrarily  selected  from  among  them 
and  set  to  be  node  1.  A parameter  ISWITCH  is  used  to  indicate 
whether  a concentrator  can  or  cannot  perform  local  switching, 
with  ISWITCH  = 1 indicating  switching. 

The  algorithm  consists  of  the  five  steps  presen- 
ted below.  A discussion  of  the  algorithm  follows  its  presen- 
tation. 


STEP  1:  (Initialization) 

Set  R ( i ) = 0 

S (i)  = PN1 (i) 

for  all  nodes  i = 1,  ...  , NN 

Set  i = NN 


STEP  2:  (Subtree) 

Set  j = NF (i) 

R ( j ) = R ( j ) + R ( i ) * PN2 ( j ) * PL  (i)  * + S(i)  * PL(i) 
S(j)  = S(j)  + S (i ) * PNl(j)  * PL  (i) 
i = i - 1 

If  i > NCEN,  then  go  to  Step  2. 

STEP  3:  (Switching) 

If  ISWITCH  = 0,  then  go  to  Step  4. 

For  i = NN,  ...  , NCEN  + 1,  do  the  following: 

Set  j = NF ( i) 

R ( j)  = R ( j ) + R(i)  * (l-PL(i))  + (1-PN1 ( j ) ) * R(i) 
* PL  ( i ) 
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In  Step  I,  the  state  vector  components  are  initia- 
lized, with  the  number  of  node  pairs  communicating  being  zero 
(as  no  links  have  been  considered  yet)  and  che  number  of  nodes 
communicating  with  i is  simply  the  probability  that  i itself  is 
operational . 

Step  2 is  the  basic  recursive  step  of  the  algorithm. 
When  a new  link  (i,  NF  ( i ) ) is  considered,  the  number  of  node 
pairs  communicating  through  j = NF(i)  is  simply  the  previous 
number,  R(j),  plus  the  number  communicating  through  i times 
the  probability  that  both  node  j and  link  i are  operational, 
plus  the  product  of  all  those  communicating  to  i times  all 
those  communicating  to  j times  the  probability  of  the  joining 
link  being  operational.  Similarly,  the  number  of  nodes  which 
can  communicate  with  node  j,  S(j),  is  the  previous  number, 
plus  those  which  can  communicate  with  i times  the  probability 
that  j is  operational  and  the  probability  that  the  connecting 
link  is  operational.  The  justification  for  using  PN2(i)  = 1 
for  terminals  is  that  the  failure  of  terminal  does  not  affect 
the  ability  of  other  node  pairs  to  communicate,  as  communica- 


tion does  not  take  place  through  the  terminal,  but  the  expected 


number  of  nodes  that  can  communicate  with  node  i does  depend 
on  the  operability  of  node  i. 

In  Step  3,  the  impact  of  concentrators  doing  lo-- 
cal  switching  is  evaluated.  When  concentrators  do  local 
switching,  nodes  can  communicate  through  them  even  if  either, 
or  both,  the  trunk  line  connecting  the  concentrator  to  the 
center  fails,  or  the  center  itself  fails.  However,  the  ex- 
pected number  of  nodes  that  can  communicate  with  a center  is 
not  affected  by  whether  concentrators  switch  or  not.  Thus, 
entering  Step  3,  the  state  vectors  for  all  centers  have  been 
calculated.  Then,  for  each  concentrator,  the  number  of  node 
pairs  which  can  communicate  in  the  subtree  rooted  at  its  cen- 
ter is  not  only  the  basic  number,  R(j),  but  this  number  plus 
those  which  communicate  through  the  concentrator  if  the 
switch  is  failed,  or  if  the  switch  is  operational  but  the  link 
is  failed. 

Step  4 simply  sums  the  pairs  which  communicate 
locally  through  their  switch  and  those  communicating  over  the 
link  joining  the  switches.  The  final  evaluation  of  the  mea- 
sures as  functions  is  conducted  in  Step  5. 

E . 5 BASIC  RESULTS 

The  basic  results  of  applying  the  above  algorithm 
to  appraise  the  reliability  impact  of  using  concentrators  in 
a network  such  as  NAD IK  have  been  reported  in  the  initial 
NAC  -Telcom  study  fDOT/FAK«27C7 ) . Some  of  these 
results  are  reproduced  here  for  completeness.  In  addition, 
new  results  are  presented  on  the  impact  of  using  switching 
concentrators  versus  nonswitching  concentrators. 

E . 5 . 1 Use  of  Concentrators 

In  the  previous  study,  designs  using  concentrators 
at  each  ARTCC  were  contrasted  with  lesj  jns  that  used  only  pro- 
perly constrained  voice  grade  lines  and  only  properly  constrained 
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teletype  lines.  The  reliability  character istics  of  the  designs 
are  portrayed  in  Figures  E-l  and  E-2.  It  is  iiiuned iately  clear 
when  the  figures  are  examined,  that  the  design  using  concen- 
trators is  significantly  more  reliable  than  the  voice  grade  de- 
signs under  consideration,  even  without  the  use  of  any  addi- 
tional equipment  to  improve  its  reliability.  This  result  is 
not  surprising  in  light  of  the  relative  design  configurations. 
The  design  using  concentrators  is  primarily  composed  of  a large 
number  of  small  trees  rooted  at  the  concentrators,  while  the 
other  designs  are  - primarily  composed  of  much  larger  trees  rooted 
at  the  switching  centers.  The  average  number  of  links  between 
a node  and  its  associated  relay  center  is  much  smaller  in  the 
design  using  concentrators  and,  therefore,  this  design  is  more 
reliable  than  the  others. 

Another  advantage  of  the  use  of  concentrators  is 
that  they  provide  an  intermediate  step  in  the  chain  from  node 
to  switching  center.  Since  there  is  a small  number  of  concen- 
trators relative  to  the  total  number  of  terminals,  we  can,  with- 
out appreciably  increasing  the  cost  of  the  system,  add  addi- 
tional equipment  at  each  concentrator  and  considerably  increase 
the  system  reliability.  The  results  using  dial-up  lines  and 
multiplexers  at  the  concentrators  bear  out  this  conclusion. 

We  can  make  an  observation  about  the  form  of  the 
curves  in  Figures  E-l  and  E-  2,  which  yields  some  insight  in- 
to the  results  themselves.  The  curves  are,  in  fact,  nearly 
straight  lines.  This  in  itself  is  not  surprising  since,  ana- 
lytically, the  reliability  criteria  are  low  order  polynomials 
in  variables  whose  values  are  much  smaller  than  1 in  the  area 
of  interest  to  us.  The  order  of  the  polynomial  is  essentially 
the  average  number  of  links  in  the  path  from  node  to  relay 
center  in  each  design.  By  minimizing  this,  we  maximize  relia- 
bility. 


Thus,  the  general  conclusion  is  drawn  that  the  con- 
centractors  serve  to  improve  the  reliability  aspects  of  the  net- 
work tepology. 

Another  conclusion  drawn  in  the  previous  study  was 
that  "the  network  is  most  reliable  with  the  fewest  number  of 
switches."  This  is  based  on  the  observations  that  che  average 
fraction  of  terminals  communicating  with  switches,  FNC,  is  in- 
dependent of  the  number  of  switches,  but  the  average  fraction 
of  terminal  pairs  communic  ting,  FNP,  varies  as  a function  of 
the  number  of  switches,  as  shown  in  Figure  E-3. 

E.5.2  Impact  of  Concentrator  Switching 

Though  not  mandatory  the  concentrator  may  be  designed 
to  perform  message  switching  on  ? local  basis.  Several 
questions  need  to  be  resolved  to  determine  whether  the  local 
switching  function  should  be  specified  for  the  concentrators. 
Included  are  the  need  for  iournaling  capability  to  be  present 
only  at  switches,  the  additional  cost  of  implementing  the 
switching  function,  the  impact  of  switching  local  traffic  at 
the  concentrators  on  the  processing  requirements  of  the  cen- 
tral switches,  the  benefits  to  the  local  users  on  having 
local  switching  capability  during  switch  outages,  and  the  impact 
of  local  switching  on  the  global  measures  of  network  reliabili- 
ty. It  is  the  last  question  which  is  answered  here. 

The  FNP  measure  of  reliability  is  shown  in  Figures  E-4, 
E-5,  and  E-6  for  both  cases  of  switching  and  nonswitching  as 
a function  of  central  switch  lowntirce  when  concentrator  fail- 
ure is  as  likeiy  as  a basic  link  failure.  As  is  immediately 
clear,  the  switching  capability  of  the  concentrators  gives  an 
insignificant  increase  in  reliability  according  to  this  mea- 
sure. This  is  easily  understood.  When  a switch  fails,  the 
number  of  terminal  pairs  which  car  communicate  tr.rough  the  con- 
centrators is  only  the  sum  of  the  numbers  which  can  communi- 
cate throuah  each  concentrator,  whereas,  wnen  the  svrtch  is 
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operable,  the  total  number  is  the  number  of  pairs  that  can  be 
formed  from  the  total  number  of  terminals,  a much  larger 
number, that  dominates  th  reliability  ?'  asure . This  observation  is 
reinforced  by  the  results  portrayed  in  Figures  E-7,  F.-8,  and 
E-9,  showing  the  FNP  measure  as  a function  of  concentrator  re- 
liability and  trunk  line  reliability  when  the  switching  center 
is  assumed  operable.  Notice  that  when  both  the  switching 
center  and  trunk  lines  are  assumed  operable,  ; Figure  E-7) , 
there  is  no  difference  between  s- itching  and  non-  switching 
concentrators.  This  is  to  be  expected,  as  the  local-area 
switching  concentrators  are  only  beneficial  in  providing  ser- 
vice when  the  switching  capabi 1 tty  • f the  center  is  unavaila- 
ble. 

As  a final  note,  it  should  be  recognized  that  the 
switching  function  of  concentrators  has  no  impact  on  the  FNC 
measure  of  reliability.  Thus,  on  the  basis  of  the  above  re- 
sults, it  may  be  concluded  that  in  terms  of  global  measures 
of  network  reliability,  concentrators  which  switch  have  no 
significant  advantage  over  concentrator s which  do  not  switch. 

E . 6 DESIGNING  RELIABLE  NETWORKS 

The  above  results  indicate  the  positive  impact  on 
reliability  of  using  concentrators  in  the  netvrork  design.  In 
this  section,  we  consider  another  measure  of  reliability  di- 
rected at  ensuring  a level  of  reliable  service  to  all  users. 

Network  designs  are  often  developed  or;  the  basis  of  line  con- 
straints intended  to  ensure  a specified  level  of  performance. 

Such  a constraint  may  result  in  * lerae  number  of  terminals 
being  placed  on  a single  multipoint  line.  The  Bell  System 
recommends  that  no  more  than  20  stations  be  placed  on  a single 
multipoint  facility  due  to  the  fact  that,  "the  complexity  of 
networks  consisting  of  more  than  20  points  is  such  that  the 
time  required  to  restore  service  following  outages  and  the  in- 
creased number  of  cuta:,~s  as  the  number  o'"  points  increases, 
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cause  channel  availability  to  be  less  than  can  be  tolerated  by 
many  data  systems."  (Tech  Ref.  PUB  41004  - Data  Communications 
Using  Voiceband  Private  Line  Channels,  October,  1973).  In  par- 
ticular, some  rather  primitive  and  conservative  statistics  ga- 
thered by  the  Bell  System  indicate  an  average  link  avails-  • 
bility  of  approximately  .998.  With  this  assumption,  design  con- 
straints of  20,  10,  and  5 stations  per  line  translate  into  worst 
case  terminal  circuit  availability  (WTD)  of  .96,  .98,  and  .99 
respectively.  Thus,  a network  design  constraint  of  5 stations 
per  line  is  used  to  meet  a basic  objective  of  (.99) worst  case 
circuit  availability  (WTD) . 

When  concentrators  are  not  used,  the  impact  on  leased 
line  cost  of  a 5 terminals  per  line  constraint  versus  a 20 
terminals  per  line  constraint  is  severe,  resulting  in  approx- 
imately a 60%  cost  increase.  However,  with  concentrators,  only 
about  7%  increase  is  incurred. 

E . 7 SYNTHESIZING  A RELIABLE  NETWORK 

Since  there  is  a large  number  of  terminals  connec- 
ted to  a switch  through  concentrators,  improvements  in  concen- 
trator reliability  and  the  reliability  of  concentrator  links  to 
the  switching  centers  can  significantly  increase  overall  net- 
work reliability.  Improvements  can  be  made  without  appreciably 
increasing  the  cost  of  the  system  because  there  are  few  concen- 
trators relative  to  the  total  number  of  terminals.  The  frac- 
tion of  terminals  not  communicating  with  switches  as  a function 
of  average  switching  downtime  is  shown  in  Figures  E— 10  and  E--11 
for  the  following  three  cases. 

a.  No  attempt  is  made  to  improve  the  reliability. 

b.  Additional  equipment  is  added  to  assure  that 
there  is  always  a path  from  any  concentrator  to  an 
associated  switch. 
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c.  In  addition  to  the  improvement  made  in  b, 
additional  equipment  including  multiplexing 
is  used  to  make  the  concentrator  facility 
nearly  perfectly  reliable. 

The  more  useful  criterion  the  expected  fraction  of  terminal 
pairs  that  communicated  (FNP)  as  a function  of  average  switch 
downtime  and  of  the  number  of  switches,  for  the  above  three 
cases,  is  shown  in  Figures  Et3,  E*12,  and  E?13. 

There  is  no  way  to  make  a path  from  a concentrator 
to  switch  completely  reliable.  However,  there  are  several  ways 
to  achieve  near  perfect  reliability  (that  is,  to  make  the  fail- 
ure rate  negligible  when  compared  to  the  failure  rate  of  other 
elements).  To  achieve  such  reliability  for  the  path  between  a 
concentrator  and  its  associated  switch,  one  can  either: 

a.  Have  an  additional  leased  line  from  the  con- 
centrator to  the  switch  so  that  there  are  two 
diverse  paths  between  them,  or 

b . Have  dial-up  equipment  at  concentrator  and 
switch  sites  so  that  if  the  regular  path  is  bro- 
ken, the  path  between  the  concentrator  and  the  switch 
can  be  reestablished  by  dialing  through  the 
switched  network. 

The  second  method  is  less  convenient  since  human 
intervention  may  be  necessary,  unless  auto-dial  equipment  is 
used,  and  there  will  be  momentary  delays  during  the  switch- 
over. However,  this  method  is  less  expensive.  To  make  the  con- 
centrator almost  completely  reliable,  one  can  either: 

a . Place  a redundant  concentrator  at  each  concen- 
trator site  so  that  if  the  primary  concentrator 
fails,  its  load  can  be  assumed  by  the  backup  con- 
centrator, or 
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b.  Place  a multiplexer  at  each  concentrator  site 
and  a demultiplexer  at  any  two  concentrator  (or  switch) 
sites.  The  two  facilities  chosen  will  thus  provide 
routine  service  to  their  areas  and  a back-up  service 
to  the  other. 

If  the  concentrator  fails,  all  low- speed  lines  can  be  multi- 
plexed over  the  dial-up  backup  line  to  one  of  the  two  demul- 
tiplexers located  at  the  backup  facility.  Cost  comparison  for 
achieving  these  reliabilities  of  these  backup  facilities  indi- 
cate about  a 5%  increase  in  total  network  cost  (excluding 
switch  cost)  for  the  multiplexer  and  dial-up,  and  about  a 25% 
increase  in  cost  for  a fully  redundant  design. 

As  is  evident  from  figures  E-12  and  E-13,  reliability  is  greatly 
improved  using  the  appropriate  backup  equipment.  The  same  im- 
provement in  reliability  can  be  obtained  by  using  dial-up  vs. 
leased  line  backup  and  by  using  redundant  concentrators  vs. 
multiplexer  backup.  The  extra  cost  of  one  method  over  the 
other  is  the  price  paid  for  operational  ease  achieved  by  using 
the  more  expensive  method. 

E.8  CONCLUSION 

The  conclus  ins  drawn  in  this  section  are  summarized 

below : 

The  use  of  concentrators  in  the  network  design 
improves  reliability  significantly. 

Concentrators  which  perform  switching  provide  only 
an  insignificant  increase  in  reliablity  over 
concentrators  which  do  not  perform  switching . 

The  use  of  concentrators  with  a line  constraint  of 
5 terminals  per  line  ensures  reliable  service  to 
all  users,  with  insignificant  cost  impact. 
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Reliability  can  be  significantly  improved  with 
little  increase  in  cost  by  using  a multiplexing 
dial-up  redundancy  scheme. 
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EQUIPMENT  CONSIDERATIONS 
F . 1 INTRODUCTION 

The  purpose  of  this  appendix  is  to  define  functionally 
the  equipment  components  that  may  be  used  in  NADIN  and  to 
e timate  a reasonable  cost  for  these  components  in  the  con- 
figurations in  which  they  would  be  used  in  the  NADIN.  The  cost 
also  includes  redundancy  for  reliability  where  it  is  appropriate, 
r a b sc  monthly  cost  (10  percent  amortization  over  10  years) 
wan  ca_  ilated  by  doubling  the  purchase  price  and  dividing  by 
20,  giving  a slightly  higher  result  than  w'ould  use  of  the  annuity 
formula . 

F. 2 TERMINALS 

Three  basic  terminal  types  are  considered: 

a.  Existing  Model  28  teletypes, 

b.  Modification  of  existing  Model  28  tele- 
types with  electronic  stunt  boxes  and 
buffering  to  allow  them  to  operate  at 
line  speeds  greater  than  75’  bps,  and, 

c.  New  ANSI  consistent  terminals  capable 
of  operating  at  line  speeds  greater 
than  75  bps. 

In  the  design  process,  either  modified  terminals  or  new  ter- 
minals are  assumed  appropriate  for  locations  having  traffic 
in  excess  of  16  KCHR/HR.  This  assumption  is  based  on  the 
detailed  analysis  presented  in  the  Telcom  Report  on  Service  B 
modernization  and  discussions  with  FAA  personnel  on  the  rela- 
tion of  operator  efficiency  to  terminal  type.  Because  termi- 
nal changeover  will  be  based  on  these  factors,  the  cost  asso- 
ciated with  the  changes  will  not  affect  the  design  process. 
Consequently,  no  attempt  is  made  here  to  associate  a cost 
with  each  of  the  alternatives. 
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F.  3 


MODEM  '• 


A 


Beth  computers  and  terminals  suppl  and  accept  in- 
formation in  the  fern,  of  a digital  Ease  and  signal.  A voice- 
grade  line  ■ be  rough  y • - i as  having 

useable  bandwidth  extending  from  300  Hz  to  3000  Hz  (-3  to  -*12- 
dB  variation  - Bell  System  Technics • Refen  ice  PEP  41004). 

The  function  of  the  modem  (modulator-demodulator)  is  to  inter- 
face the  digital  baseband  requirement  to  the  analogue  bandpass 
requirement,  as  shown  in  Figure  )'-  ) A variety  of  techniques 
may  be  used  to  accomplish  the  interfacing,  giving  rise  to  an 
extraordinary  r nge  of  modem  cost  at d performance  character 
istics.  Table  F-i  shows  typical  purchase  prices  based  on  a 
survey  of  commercially  available  modems.  Also  shown  are 
monthly  costs  based  on  amortization  at  10%  for  ten  years,  plus  a 

monthly  maintenance  cost  of  1%  of  the  purchase  price. 

It  should  be  noted  that  at  speeds  up  to  .1200  bps 
almost  all  modems  operate  in  an  asyncl  1 mod  ising  FSK 
(Frequency  Shift  Keying)  techniques.  Abo ve  this  rate  syn- 
chronous modes  of  operation  prevail  with  the  complexity  and 
cost  of  the  equipment  being  almost,  directly  dependent  on  the 
line  speed  selected.  Modems  which  operate  at  4800  bps  and  9600  b. 
usually  require  C2  line  conditioning. 

. In  this  design  process,  all  modems  are  assumed  to 

have  dial-up  backup  at  on  additj  1 cost  of  $ll/month. 

F. 4 MULTIPLEXERS 

The  term  "facility"  is  used  to  refer  to  the  part  of 
the  telephone  plant  described  in  terms  of  its  properties  as 
a transmission  medium;  the  term  "channel”  is  used  to  refer  to 
a functional  communications  path.  A channel  is  described  by 
its  capacity,  i.e.,  the  maximum  rate  at  which  information  can 
be  acceptably  transferred  over  it.  A channel  for  the  transfer 
of  digital  data  is  formed  by  placing  a modem  at  each  end  of 
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a facility.  The  capacity  of  the  channel,  the  maximum  data 
rate  acceptable,  depends  on  a variety  of  factors,  including 
tht  bandwidth  of  the  facility  and  the  hardware  characteristics 
of  the  modems.  The  use  of  one  facility  to  form  several  separ- 
ate channels  is  called  multiplexing.  A device  which  combines 
multiple  facilities,  each  used  for  one  or  more  distinct  chan- 
ii  :5  into  one  facility  formed  into  rhe  same  distinct  channels, 
s called  a multiplexer.  A device  performing  the  reverse 
process,  i.e.,  transforming  one  facility  formed  into  several 
channels  into  multiple  facilities,  each  with  one  or  more  of 
the  channels,  is  called  a demultiplexer.  Many  current  hard- 
ware devices  perform  multiplexing  in  one  direction,  and  demul- 
tiplexing in  the  other  direction.  Such  a device  is  usually 
simply  called  a multiplexer. 

The  channel  is  the  functional  communications  path, 
whereas  the  facility  is  part  of  the  hardware  used  to  form  a 
channel.  A multiplexer  does  not  alter  the  channel  structure 
of  the  network,  thus  is  functionally  transparent.  However, 
the  physical  facilities  from  which  channels  are  formed  deter- 
mine a large  part  of  network  costs.  Multiplexing  offers  a 
way  to  achieve  significant  economies  in  facilities  use. 

Two  basic  multiplexing  techniques  are  available: 

FDK  (Frequency  Division  Multiplexing)  and  TDM  (Time  Division 
Multiplexing) . These  two  techniques  and  associated  costs 
are  briefly  described  below. 

F . 4 . 1 Frequency  Division  Multiplexing 

The  FDM  approach  is  to  divide  the  bandwidth  of  the 
facility  into  several  separate  segments  and  allow  each  seg- 
ment to  serve  a separate  channel.  This  is  graphically  por- 
trayed in  Figure  F-2.  This  class  of  multiplexers  when  used 
over  type  3002  facilities  has  a maximum  effective  transmis- 
sion rate  of  approximately  1800  bps.  This  capacity  will 
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support  a maximum  of  24  75-bps-chaniie ! s.  At  a 300  bps  rate 
the  line  limits  tne  number  to  6.  However,  the  maximum  number 
of  75  bps  chant. els,  supported  by  a particular  multiplexer  may  be 
more  or  less  than  this  number  according  :o  the  particular 
device,  trie  associated  coding  and  signalling  techniques,  and  confi 
dence  in  telephone  line  conditioning. 

The  cost  factors  range  from  S290/FDX  channel  end 
(based  on  an  3- channel  package  ) to  $667  for  a one -channel  FDX 
package.  An  estimating  figure  of  $400  per  channel-end  appears 
appropriate . 

The  upper  limit  on  subscribers  and  the  inefficiency 
of  line  utilization  are  arguments  against  FDM,  while  cost 
and  simplicity  are  the  positive  points.  Each  channel  has  a 
simple  modem.  There  is  no  need  for  high-speed  modems,  there- 
fore no  additional  costs. 

As  the  basic  unit  of  signalling  is  the  bit,  the  code 
character  structure  is  of  no  importance  to  the  FDM,  only  the 
users . 

Any  mix  of  speeds  which  are  supportable  on  a given 
multiplexer  may  be  used.  The  only  iimitat  on  is  the  bandwidth 
of  the  line  and  sub-channel  allocations. 

A principal  feature  of  FDM  is  its  anility  to  have  a 

♦ 

single  sub-channel  easily  multipoint’ 'd  at  different  locations. 

This  allows  a single  voice-grade  multipoint  facility  to  pro- 
vide several  multipoint  low- speed  channels.  However,  bac  use 
most  of  the  locations  to  b’  served  b”  HADIN  have  only  one 
terminal  to  be  included  in  the  initial  phase,  this  feature 
of  FDM  is  of  little  use. 
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F . 4 . 2 


rime  Division  Multiplexers 


The  TDM  approach  is  to  establish  a high  sieed 
stream  over  the  facility  and  assign  periodic  time  slots, 
bit  positions,  of  the  data  stream  to  separate  channels.  This" 
is  graphically  portrayed  in  Figure  F-  3.  There  are  several 
variations  on  the  implementation  of  this  approach.  Twc  funda- 
mental variations  are  bit  versus  character  interleaving,  eaon 
being  generally  capable  of  handling  all  5-8  bit/character 
codes  with  attendant  Suart/stop  bits. 

Most  TD  multiplexers  for  voice  grade  facilities  use 
modems  in  the  range  of  1200  bps  to  9600  bps  to  establish  the 
high  speed  data  stream.  The  selected  speed  need  only  be 
greater  than  the  sum  of  the  speeds  of  the  channels  being 
multiplexed.  The  maximum  number  of  subscribers  supporter  at 
a given  input  rate  varies  with  device  structure,  with  some 
devices  limiting  the  mix  of  speeds  through  the  multiplexer 
e.g.,  75,  110,  and  150  bps.  However,  due  to  the  relatrvely 
few  standard  signalling  speeds  used  for  low-speed  asynchronous 
terminals,  even  the  most  severe  limiting  is  not  a major  ar< . a 
of  concern. 

Error  detection  is  almost  universally  provided 
control  signals.  However,  automatic  parity  on  data  characr. r 
is  available  on  only  a few  and  then  is  an  option  on  all  cu‘ 
one  device  studied.  If  parity  is  included  in  the  data  char- 
acter, it  is  of  course  passed  but  not  checked. 

The  logic  circuitry  required  for  TDK  gives  a TD 
multiplexer  a different  cost  structure  than  is  the  case  f..r 
FDM.  A purchase  price  of  $1500  plus  $150  per  channel  t e 
station  is  typical.  A high  speed  modem  is  also  required  fn: 
each  station.  A redundant  common  logic  TDM  unit  has  a typ 
cal  price  of  $2500  plus  $150  per  channel.  With  amortization 
and  maintenance,  this  gives  a cost  of  $6  7/month  plus  $4/m  . 
per  channel. 
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F.  5 CONI  iiMTRATORS 

The  word  "concentration"  appe  ♦ o i jve  , *rv 

broad  and  ambiguous  mean  in-  ' 1 . • 

section,  i concent?  t1:o’,  is  , !f 

NADIN,  is 

centration"  and  in  terms  oi  Its 

F. 5 . 1 General  Function  of  Conce n tx a 

Consider  a device  having  several  Facilities  connec- 
ted to  its  input 
put . At  this  ] 

it  is  distinguished  by  the  following  chj 
single  facility  on  the  output  side  canids  on..-  channel  . 
capacity  of  which  is  less  thj  the  capacities 

on  its  input  side.  Such  a device  ■ c ov.i  offecti'  communi- 

cations is  called  a concentrat 
parent  to  the  channel  structure  < 
obviously  is  not 

The  percent  of  time  a chanm  1 i t,.->ed  is  ailed  itu 
utilization.  Many  terminals  gem  transmission 

at  an  average  rat<  wl  id  Is  much  less 
the  channel  resulting  in  diann-  is  with  ; ; , 

concentrator  achieves  economic  dv  nl 

low  utilization  cl  mnels  with  o: . a i n . 
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A prerequisite  for  a concentrator  is  that  its  output  channel 
capacity  be  greater  than  the  suin  of  the  average  data  rates  of 
the  terminals  on  its  input.  It  is  at  this  point  perhaps  help- 
ful to  examine  the  difference  between  a multiplexer  arid  a con- 
centrator in  more  detail. 

To  each  time  slot  of  each  channel  on  the  input  of  a 
TDM,  a time  slot  is  assigned  in  the  high  capacity  channel  on 
its  output.  This  effectively  divides  the  high  capacity  out- 
put channel  into  several  separate  subchannels,  each  associated 
with  a particular  channel  on  the  input.  It  does  not  matter 
whether  or  not  a time  slot  is  being  used  to  transfer  informa- 
tioi  . A concentrator  has  more  time  slots  arriving  on  its  in- 
put ..  j de  than  leaving  on  its  output  side.  Each  time  slot 
carrying  information  must  be  assigned  a time  slot  on  the  out- 
put side.  Thus  a concentrator  must  be  able  to  identify  which 
time  slots  are  in  fact  transferring  information.  Further- 
more, it  must  be  able  to  assign  output  time  slots  to  this  in- 
formation in  such  a manner  as  to  be  understood  by  whatever 
device  is  on  the  other  end  of  the  output  channel.  Although 
thi  aveiage  number  of  time  slots  carrying  information  on  the 
input  will  be  less  than  the  number  available  on  the  output, 
oyei.  a brief  interval  the  randum  nature  of  terminal  use  may 
ri-»suJt  in  the  number  of  arriving  slots  carrying  information 
being  greater  than  the  number  of  slots  available  on  the  output, 
lienee,  the  concentrator  must  also  have  the  ability  to  buffer 
the  arriving  information  as  it  waits  for  available  slots. 

The  requirements  of  intelligence  and  storage  for  a concentra- 
tor invariably  lead  to  its  implementation  with  a minicomputer. 
The  actual  operation  of  concentrators  varies  considerably, 
but  is  usually  much  more  complicated  than  the  simple  bit 
packing  noted  above.  By  performing  such  local  operations  as 
polling,  error  checking,  line  control,  etc.,  and  transferring 
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information  to  the  com;  a ter  vith  efficient  high  speed  trans- 
mission techniques,  the  concentrator  can  achieve  an  apparent 
output  channel  utilization  in  excess  of  100  percent. 

The  performance  of  these  tasks  also  considerably 
reduces  the  requirements  for  the  central  switch.  Thus,  the 
general  function  of  the  concentrator  is  to  reduce  line  costs 
by  better  facility  utilization,  and  to  off-load  the  central 
switch  by  performing  several  of  the  communications  tasks. 

F . 5 . 2 Functions  of  Concentrator  for  NADIN 

A concentrator  may  be  used  in  NADIN  for  the  basic 
reasons  described  in  the  previous  section.  In  particular, 
the  concentrator  would  provide  a means  of  locally  terminating 
several  low  speed  channels  and  transferring  the  messages  to 
a central  switch  over  one  voice  grade  channel,  thus  reducing 
line  costs  and  trading  concentrator  I/O  port  costs  for  cen- 
tral switch  port  costs.  In  addition,  the  concentrator  would 
perform  the  polling  of  the  local  circuits,  thus  reducing  the 
processing  load  on  the  central  switches.  The  concentrator 
would  also  provide  a convenient  and  efficient  means  of  inter- 
facing with  the  NAS  9020  computers  where  collocated. 

% A particular  advantage  to  the  use  of  concentrators 

is  the  effective  establishment  of  a high-speed  data  transfer 
backbone  that  can  initially  be  tailored  ir  size  for  the 
initial  NADIN  requirements,  but  structured  to  grow  easily 
with  increasing  requirements. 

Concentrators  are  almost  invariably  implemented 
with  minicomputers,  giving  them  a degree  of  intelligence  and, 
consequently,  flexibility.  The  intelligence  could  easily  be 
used  to  perform  the  message  switching  appropriate  for  local 
intercircuit  traffic,  thus  further  reducing  the  processing 
requirements  of  the  central  switch.  However,  to  keep  con- 
centrator reliabilicy  high  and  cost  low,  the  concentrator 


F-8 


should  not  have  any  journaling  tasks  requiring  auxiliary 
storage,  such  as  a disk.  Thus,  whether  or  not  local  switch- 
ing should  be  performed  should  be  decided  on  the  basis  of 
whether  or  not  journaling  is  to  be  required.  The  cost  int- 
act of  switching  (without  journaling)  should  be  very  small, 
anti  is  appraised  below.  In  either  case,  the  concentrator 
wiLl  accumulate  statistics  regarding  network  performance, 
traffic,  ana  reliability. 

1.5.3  Cost  of  Concentrator 

The  cost  of  a concentrator  depends  on  three  major 

vari  ules: 

1 Number  of  line  terminations, 

2.  Traffic  volume, 

3.  Extent  of  processing  requirement. 

Typically  a basic  16  bit  minicomputer  with  8,000  words  of 
memory  costs  from  $4,000  to  $1 0,000.  A wide  variety  of 
architectures  is  available,  having  different  I/O  structures 
and  expandability  characteristics.  Line  interfacing  depends 
on  both  the  I/O  structure  and  tradeoffs  of  processing  power 
useage  versus  hardware  capability.  A survey  of  the  more 
popular  machines  being  used  as  concentrators  reveals  a cost- 
range  of  5200  to  $500  per  low  speed  line.  High  speed  lines 
usually  require  somewhat  more  complex  interfaces,  at  a 
typical  cost  of  $1,000  per  line. 

The  second  major  cost  variable  is  traffic  volume, 
affecting  the  needed  memory  capacity,  memory  speed,  and  pro- 
cessing power.  In  recent  years,  memory  costs  have  been  sub- 
stantially educed  from  the  long  time  standard  of  a dollar 
per  word,  to  a point  where  memory  is  now  available  in  some 
minicomputers  at  a cost  of  less  than  25C  per  word.  Memory 
cycle  time  las  been  reduced  to  less  than  one  microsecona  and 
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several  vendors  offer  microprogrammed  machines  tailored  for 
communications.  However,  these  factors  tend  to  balance  out 
in  overall  system  costs,  with  such  factors  as  memory  speed 
being  directly  related  to  memory  cost. 

The  third  significant  cost  factor  is  a function  of 
the  amount  of  processing  to  be  done  on  the  messages  bv  the 
concentrator.  The  cost  impact  for  processing  is  twofold. 

First  is  the  cost  of  the  software  itself  and  second  is  the 
cost  for  the  idditional  core  required  for  storage  of  the  pro- 
grams and  data.  Thus,  the  addition  of  the  switching  function 
to  a concentrator  should  be  expected  to  increase  its  cost 
somewhat.  However,  oecauso  memory  comes  in  discrete  size 
packages  and  the  processing  required  for  the  switchinu  is 
quite  nominal  in  comparison  to  the  message  storage  require- 
ments and  other  software  requirements,  there  is  no  significant 
impact  on  the  concentrator  cost  for  switching. 

Several  vendors  offer  communi taticn  software  pack- 
ages with  their  minicomputers.  However,  none  will  bo  com- 
pletely acceptable  as  a turnkey  system  tor  the  NADIN  require- 
ments. The  software  development  cost  to  convert  the  concentrator 
package  to  satisfy  NADIN  requirements  is  estimated  as  approx- 
imately $200,000. 

A particular  attribute  of  concentrators  which  adds 
significantly  to  their  attractiveness  for  NADIN  is  their  po- 
tential expansion  to  serve  additional  requirements.  Thus, 
in  the  cost  estimate  developed  below,  care  was  given  to  base 
costs  on  the  available  machines  which  have  advanced  architec- 
tures capable  of  easy  expansion  and  are  offered  by  established 
vendors  which  may  be  expected  to  support  continued  enhance- 
ment of  their  prod  act. 


The  concentrator  cost  estimate  is  expressed  in 
terms  of  a basic  machine  cost  plus  cost  for  each  low  speed 
line  interface.  The  basic  machine  cost  includes  16K  words 
(16  bit)  memory,  two  synchronous  line  interfaces,  real-time 
clock,  memory  protect,  power-fail  protection,  and  software 
costs  assuming  a twenty  concentrator  design. 

Concentrator  Cost: 

$24,000  + $350/low  speed  line. 

Ten  year  amortization  at  10%,  plus  1%  purchase 
price  per  month  for  maintenance,  plus  a TDM  multiplexer  at 
each  concentrator  for  reliability  (as  discussed  in  Appendix  E) , 
gives  a monthly  cost  of: 

Concentrator  Cost  ($/Mo.): 

$680  + $13/low  speed  line. 

F . 6 MESSAGE  SWITCH 

The  term  "message  switch"  refers  to  a communications 
processor  which  receives,  routes,  and  forwards  messages.  With 
this  broad  definition,  concentrators  which  perform  local  switch- 
ing are  message  switches.  However,  the  meaning  intended  here 

is  considerably  more  precise.  A message  switch  in  NADIN  will 

* 

have  the  facilities  necessary  for  journaling,  network  manage- 
ment, operator  interaction,  interface  with  other  networks, 
etc.  In  general,  a message  switch  in  NADIN  is  characterized 
as  being  an  intelligent  center  responsible  for  the  overall  co- 
ordinated operation  of  the  network.  There  are  three  basic 
categories  of  message  switches  that  might  appear  in  NADIN: 

Category  1:  Those  appropriate  for  terminating 

a large  number  of  polled  multipoint 
lines,  i.e.,  switches  appropriate 
for  use  in  the  CONUS  when  concentrators 
are  not  used. 
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Category  2:  Those  appropriate  for  terminating 

a small  number  of  point-to-point 
medium  speed  lines,  i.e.,  switches 
appropriate  for  use  in  the  CONUS 
when  concentrators  are  used. 


Category  3:  Those  appropriate  for  terminating 

a small  number  of  polled  multipoint 
lines,  i.e.,  switches  appropriate 
for  use  in  Alaska  and  Hawaii. 

A detailed  discussion  of  the  costs  of  the  various  switching 
configurations  beyond  the  scope  of  this  study.  However, 
in  order  to  develop  a cost  appraisal  of  the  various  archi- 
tectural alternatives,  it  is  necessary  to  estimate  the  cost 
of  the  switching  coni,  go  rat  ions  .implied  by  tne  different 
architectures.  The  estimates  given  below  are  based  on  satis 
faction  of  the  NADIN  throughput  requirements  with  processing 
delays  negligible  in  comparison  to  the  basic  communication 
delays  as  described  in  Appendix  D.  The  estimates  assume 
high  quality  equipment  from  established  vendors  who  are  cap.!  i.e 
of  providing  continued  hardware  and  software  support  and 
they  include  the  software  coses  of  tailoring  existing  package; 
to  NADIN  requirements  plus  installation  on  a turnkey  basis. 

The  estimates  were  achieved  fror.  a survey  of  equipment  current  1 
available  from  vendors  and  the  estimated  costs  have  been 
adjusted  to  reflect  uncertainties  in  the  inputs. 

Category  1:  $700,000 

Category  2:  $400,000 

Category  3:  $360,000 

Amortization  over  ten  years  at  10%,  plus  11  purchase  pri 
per  month  for  maintenance,  gives  a monthly  cost  of: 

Category  1:  $18 , 662/month 

Category  2:  $1 0 , 664/month 

Category  3:  S 9,598/month 
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APPENDIX  <3 


MESSAGE  FORMATS 


G . 1 INTRODUCTION 

In  combining  existing  autonomous  networks,  it  is 
ifL-vit  Sole  that  adjustments  be  made  to  communications  methods, 
procedures  and  formats.  Ideally,  the  adjustments  should  mini- 
mize the  impact  on  the  user  and  on  the  communications  operator 
in  that  order.  These  adjustments  are  especially  important  in 
the  integration  of  AFT'N  and  Service  B in  order  to  preclude 
disruption  of  service  and  to  utilize  installed  terminal  equip- 
ment fully  as  may  be  cost  effective. 

The  objective  of  thi s appendix  is  to  present  a NADIN 
message  format  and  show  how  Service  B and  AFTN  users  are  iso- 
lated from  transition  effects  to  this  new  format  by  the  NADIN 
concentrators . 

• 1 • 1 Design  of  a Message  Communication  System 

Communications  methods,  procedures  and  formats  mani- 
fest themselves  in  a message-oriented  communications  system  as 
link  control,  network  control,  and  communications  message  con- 
trol information  which  are  added  to  and  deleted  from  the  users 
text  as  the  message  progresses  through  the  network.  The  de- 
signer of  a communication  system  must  understand  these  func- 
tions and  balance  the  use  of  elaborate  control  techniques  and 
their  inherent  overhead  against  the  users' needs,  the  network 
architecture  and  cost. 

G . 1 . 2 Communication  Control  Envelopes 

The  communications  control  information  needed  to  pass 
a message  through  a network  may  be  represented  by  a series  of 
information  envelopes.  These  envelopes  form  a natural  hier- 
archy as  seen  in  Figure  G-l.  A major  consideration  for  the 
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1 HIERARCHY  OF  MESSAGE  ENVELOPE 


system  designer  is  to  be  able  to  delineate  the  starLiny  and 
l ending  points  of  each  envelope,  especially  when  the  proces- 

sing of  these  envelopes  is  typically  performed  by  a communi- 
cations processor. 

G . 1 . 2 . 1 Link  Control 

The  Link  Control  envelope  contains  information 
needed  to  support  link  establishment,  link  termination  and 
message  transfer  control  procedures.  These  procedures  must 
be  suitable  for  multi-point,  point-to-point  and  multi-channel 
| links;  they  frequently  are  adapted  to  classes  of  terminal 

equipment,  in  which  each  class  represents  degrees  of  terminal 
complexity  and  capability;  and,  theoretically,  the  link  con- 
trol envelope  should  contain  information  only  pertinent  to 
the  link  being  entered.  In  practice,  the  purity  of  this  con- 
cept is  not  always  maintained.  Ideally,  a link  control  enve- 
lope is  built  and  discarded  for  each  link.  In  practice  this 
usually  is  done,  but  occasionally  information  contained  in 
the  link  control  envelope  is  passed  on  to  succeeding  links. 

G . 1 . 2 . 2 Network  Control 

The  network  control  envelope  contains  information 
needed  to  support  the  network  routing  process.  Frequently  it 
is  added  at  the  entry  node  to  the  network  and  removed  at  the 
exit  node.  Thus,  users  are  frequently  not  concerned  or  even 
aware  of  its  existence.  It  can  be  considered  a tool  of  the 
communicator . 

C .1.2.3  Communications  Message  Control 

The  communications  message  control  envelope  contains 
information  required  by  the  communicator  to  accept  a message 
from  the  originator  and  deliver  it  to  the  addressee.  Though 
this  information  is  for  the  communicator , it  frequently  is 
contained  on  the  addressee's  copy.  Many  addressees  erroneously 
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rely  on  this  information  for  internal  use.  When  communicators 
change  procedures  - altering  r eliminating  this  information 
from  the  addressee's  copy  - they  may  receive  unexpected  com- 
plaints from  the  network  users. 

G . 1 . 2 . 4 Data  Processing  Control 

The  data  processing  control  envelope  contains  infor- 
mation needed  to  bridge  the  interface  between  communications 
processing  and  data  processing.  It  may  contain  message  type, 
file  identification,  privacy  information,  etc.  Its  use  is 
becoming  increasingly  common,  especially  in  applications  where 
the  communications  processor  serves  as  a front  end  to  a data 
processor . 

G . 2 PROPOSED  MESSAGE  FORMAT  FOR  NADIN 

The  FAA  asked  Telcom  to  develop  a NADIN  message  for- 
mat in  ICAO-7  code  useable  in  a 1 arge  variety  of  situations, 
including : 

a.  Operator-generated  messages, 

b.  Computer-generated  messages, 

c.  Point-to-point  links, 

d.  Multi-point  links, 

e.  Simple  terminals,  e.g. , teletypewriter, 

♦ 

f.  Complex  terminals  with  extended  capabilities, 
i.e.,  "intelligent"  terminals, 

g.  Messages  generated  for  human  consumption, 

h.  Messages  generated  for  machine  consumption. 
Additionally,  the  NADIN  message  format  must  be 

machine  convertible  to  an  AFTN  message  format  in  ITA-2  code. 
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G . 2 . 1 Design  Considerations 

The  format  hosen  ror  NADIN  mus;  meet  a number  of 
design  objectives.  These  design  obje  Lives  include: 

a.  Th<  form  t must  be  flexible.  This  Allows 
for  changes  in  practices  and  procedures 
and  allows  for  additional  information  to 
be  added.  Implementation  provides  the 
test  facility  for  close  examination  of  a 
message  format  and  frequently,  from  the 
resulting  experience,  message  format 
changes  arc  recommended  The  proposed 
format  meets  the  flexibility  objective  by 
being  modularly  expansible  and  expansible 
within  modules. 

b.  The  message  format  must  be  readily  under- 
standable by  a communications  processing 
device . For  efficient  processing  the 
format  should  be  clearly  demarked,  each 
element  therein  clearly  delineated,  and 
the  interpretation  literal  - no  subjective 
decision . 


c .  The  message  format  must  be  readily  under- 
stand able  by  a comnun i cations  operator . 

The  message  format  must  be  easily  prepared 
by  a communications  operator  in  those  appli- 
cations where  manual  preparation,  even  with 
terminal  assistance,  is  envisioned.  The 
message  format  must  be  readable  and  under- 
» standah  e by  a communications  operator  to 

permi : manual  handling  of  a NADIN  message, 
e.g.,  forwarding,  servicing,  retrieving,  etc. 
This  requirement  on  the  NADIN  proposed  mes- 
sage format  avoids  the  concept  of  data  com- 
pression for  NADIN.  Telcom  bases  this  rec- 
ommendation on  the  belief  that  through  most 
of  the  time  period  encompassed  by  the  im- 
plementation  of  NADIN,  the  majority  of  the 
message  traffic  will  continue  to  be  prepared 
by  and  oriented  to  operators.  As  this  process 
shifts  to  the  bulk  of  the  traffic  being  pre- 
pared by  computers,  handled  by  computers  and 
direct  d to  computers  - a non-operator-oriented 
system  - the  FAA  should  consider,  design  and 
implement  a computer-oriented  format  using 
modern  techniques  of  data  compression.  The 
implementation  of  a computer-oriented  format 
requires  a computer  or  intelligent  terminal 
to  translate  it  to  an  operator-readable  format. 
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d . The  m sag  rmat  must  not  v fere  wi th 
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objective  is  of  course  quite  basic  in  any 
communications  system.  The  start  and  end 
of  • ach  envelope  must  be  uniquely  distin- 
guishable. This  is  obtained  by  a combina- 
tion of  unique  characters  and  position-sen- 
sitive characters  within  the  message  format. 

G . 2 . 2 Message  Funm-t  dtrncture 

The  basic  message  structure  proposed  for  NAD IN  im- 
plementation is  devoid  of  any  lank  control  information.  The 
particular  link  control  information  selected  by  the  PAA  should 
be  adapted  to  the  need  of  the  link  in  question  This  does 
not  imply  an  unmanageable  number  of  link  control  envelopes, 
but  does  suggest  that  there  be  several  allowable  combinations. 
The  communications  message  envelope  is  divided  for  discussion 
purposes  into  its  customary  components  of  header,  text,  and 
end.  It  should  be  noted  that  a line  shall  consist  of  not 
more  than  69  characters.  The  message  format  is  shown  in  Table 

G-l  and  the  control  characters  explained  in  Table  G-2. 

G . 2 . 2 . 1 Message  Heading 

The  message  heading  is  delineated  by  the  Start  of 
Header  Signal,  SOH,  0/1  and  encompasses  ail  nformation  up  to 
and  including  the  Start  of  '.’ext  Signal,  STX,  0/2. 

The  message  heading  is  composed  of  two  parts:  the 

first  part  is  called  the  des  ination  and  may  consist  of  one 
or  more  lines;  the  second  pai  in  called  the  -.rig in  and  con- 
sist of  one  line  plus  the  STX  signal. 

G . 2 . 2 . 1 1 Destinat tor,  bine  ( sj_ 

The  destination  line(s)  compose  the  first  parr  of 

the  header. 


TABLE  G-l  NAD  IN  MESSAGE  FORMAT 


Component  of  the 
Message  Part 


Elements  of  the  Component 


Teletypewriter 

Signal 


Start  of  Message 
Signal 


One  character  position  0/1 


Priority  Category 
Address  Indicator (s) 


The  relevant  2-letter  group 

One  space,  followed  by  3,  6, 
or  8 letter  groups.  If  more 
than  one  line  is  required, 
the  alignment  function  shall 
be  used. 


A A 2 A3  A4  A A5  A6 


End  of  Address 
Indicator 


Period  2/14 


. (period) 


Alignment  Function 


One  carriage  return,  one  line 
feed 


Filing  Time 


7-digit  date-time  group  spe- 
cifying when  the  message  was 
filed  for  transmission 


D D D H H M M 


Originator 

Indicator 


a)  One  space 

b)  3,  6,  or  8-letter  group 
identifying  the  message 
originator 


A8  A9  A10  A11  A12 


Optional  Heading 
Information 


Additional  data  not  to  exceed 
the  remainder  of  the  line 


Alignment  Function 


One  carriage  return,  one 
line  feed 


Start  of  Text 


One  character  position  0/2 


Message  Type 
Text  Separator 


Any  character  except  excluded 
communications  control  char- 
acters 


(dash) 


End  of  Text 


One  character  position  0/3 


Additional  Communi- 
cation Information 
(Optional) 


Additional  data  may  exceed 

one  line 


Alignment  Function  One  carriage  return,  one 
(Optional)  line  feed 

End  of  Transmission  One  character  position  0/4 
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TABLE  G-2 

Control  Character  Symbols  and  Meanings 


Symbol 

< or  <- 

i 

t 

•>  or  A 
S 

, AQ,  etc. 

, N 2 , e tc . 

A,  B,  etc. 

OD 

ODD 

HH 

MM 

* (N)  * 

S 

SOH  pr  0 
H 

S 

ETX  or  T 
X 

E 

ETX  or  T 
X 

E 

EOT  or  0 
T 


Meaning 


line  feed 
carriage  return 
letters  shift 
fiqures  shift 
space 
blank 

any  alphabetic  character 
any  numeral 

the  actual  character  shown 
numerals  indicating  day  of  the  month 
numerals  indicating  Julian  day 
numerals  indicating  hour  of  the  day 
numerals  indicating  minutes  past  the  hou; 
N repetitions  of  the  character  * 

beginning  of  message-  character  ^osit 
beginning  of  text;  character  position  0/'. 
end  of  text;  character  position  0/3 
end  o.  message;  charac’er  posit i . 1 
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G. 2. 2. 1.1.1  Start  of  Header  Signal 


The  start  of  header  signal  (also  start  of  message) 
is  the  ICAO-7  communica tions  control  signal  "SOH" , 0/1.  It 
is  the  beginning  delineator  of  the  message  envelope.  All  in- 
formation before  this  character  is  not  part  of  the  permanent 
communications  record  of  the  message.  Other  than  serving  as 
a delineator,  this  character  performs  no  function. 

G . 2 . 2 . 1 . 1 . 2 Priority  indicator 

The  priority  indicator  consists  of  the  relevant 
two-letter  group.  A discussion  in  some  detail  of  priority  in- 
dicators in  the  NAD1N  system  is  contained  in  Paragraph  5 of 
this  appendix. 

G . 2 . 2 . 1 . 1 . 3 Address  Indicator  (s) 

The  address  indicator  consists  of  one  space,  fol- 
lowed by  3,  6,  or  3 letter  groups.  For  a detailed  discussion 
of  address  indicators  see  Paragraph  6 of  this  appendix  and 
Section  8 of  the  main  body  of  this  report.  There  is  no  spe- 
cific limit  to  the  number  of  addresses  permitted;  however, 
some  reasonable  number  should  be  imposed  on  the  communica- 
tions system  by  procedure.  If  the  number  of  addresses  in  a 
liae  exceeds  69  characters,  the  addresses  must  be  broken  at 
an  address  indicator  group  and  followed  by  the  alignment  func- 
tion, one  carriage  return  and  one  line  feed. 

G . 2 . 2 . 1 . 1 . 4 End  of  Address  Indicator 

The  end  of  address  indicator  is  the  graphic  char- 
acter "period",  ICAO-7  signal  2/14.  The  end  of  address  indi- 
cator terminates  the  list  of  addressees.  It  is  not  a unique 
character,  of  course,  out  is  position  locatable  in  that  it  is 
the  first  "period"  character  in  the  heading  after  SOH. 


G-9 


rj-i-  -r v->-.  w*.  > ••  „ 


G . 2 . 2 . 1 . 1 . 5 Alignment  Function 

The  alignment  function  consists  of  one  carriage 
return  and  one  line  feed,.  ICAO-7  signals  0/13  and  0/10. 
Together  with  the  end  of  address  indicator,  it  terminates  the 
Destination  Part  of  the  communications  message  header. 


G. 2. 2. 1.2 


Origin  Line 


The  origin  line  is  bounded  by  the  end  of  address 
indicator  plus  alignment  function  and  by  the  next  occurring 
alignment  function.  Thus  it  cannot  exceed  69  characters. 

G . 2 . 2 . 1 . 2 . 1 Filing  Time 

The  filing  time  consists  of  seven  digits  repre- 
senting the  Julian  day  and  time.  It  specifies  when  the  mes- 
sage was  filed  for  transmission. 


G . 2 . 2 . 1 . 2 . 2 Originauor  Indicator 

The  originator  indicator  identifies  the  message 
originator.  It  consists  of  one  space  and  a 3,  6,  or  8-letter 
group . 

G . 2 . 2 . 1 ..  2 . 3 Opera ti onal  Heading  Information 

This  consists  of  additional  data  not  to  exceed 
the, remainder  of  the  line.  It  should  be  limited  to  communica- 
tions information.  Information* found  in  this  section  of  a 
message  may  include  special  servicing  information  communica- 
tions accounting  information,  etc. 


G . 2 . 2 . 2 Message  Text 

The  text  of  a message  consists  of  all  the  infor- 
mation contained  after  the  communications  control  character 
STX  and  before  the  communications  control  character  ETX . It 
contains  the  information  that  the  originator  of  the  message 
wishes  conveyed  to  the  addressee.  It  may  contain  information 


added  by  data  processing,  e.g.,  file  number,  message  type, 
etc.  It  may  also  contain  information  added  by  the  communica- 
tions office  responsible  for  filing  the  message,  e.g.,  repeat 
of  numerical  inrormation,  corrections  to  errors  in  text  caused 
by  the  communications  office  filing  the  message,  etc. 

G . 2 . 2 . 2 . 1 Information  Processing 

Except  for  these  few  examples,  the  communicator 
was  ciistomarily  forbidden  to  operate  on  the  message  text. 

With  the  advent  of  data  processing  and  the  implementation  of 
data  communi cations  processing  the  boundaries  of  responsibility 
became  blurred.  A broader  perspective  of  the  system  known  as 
information  processing  developed.  From  the  information  system 
analyst's  viewpoint,  envelopes,  processing  responsibility, 
etc.,  belong  to  the  entity  best  suited  to  perform  that  func- 
tion in  an  automated  environment.  The  front-end  to  a large 
scale  data  processor  is  a good  example  of  a processor  perform- 
ing mostly  communications  functions  as  well  as  performing  some 
data  processing  functions,  e.g.,  preliminary  edits,  sorting  to 
functional  files,  etc.  The  functional  divisions  of  informa- 
tion processing  vary  from  application  to  application.  As  an 
example,  in  applications  where  error  detection  is  used  but 
error  correction  is  not,  the  communication  processor  upon 
receipt  of  a character  in  error  might:  (1)  change  it  to  a 

special  character,  or,  (2)  ignore  the  error.  Application  con- 
siderations such  as  the  importance  of  data  integrity,  alpha 
versus  numeric,  machine  versus  human  consumption,  etc.,  are 
factors  that  would  effect  the  decision. 

G . 2 . 2 . 2 . 2 NADIN  Data  Processing  Envelope 

To  accommodate  anticipated  requirements,  Telcom 
recommends  the  inclusion  of  a data  processing  envelope.  The 
data  processing  envelope  should  be  delineated  by  the  communi- 
cations control  character  STX  and  by  the  first  alignment 
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function  following  the  STX.  Telcom  suggests  that  the  first 
field  in  the  DP  envelope  be  the  message  type  analogous  to 
field  01  in  the  current  NAS  Stage  A message  entry  format. 

G . 2 . 2 . 3 Message  Ender 

There  is  no  universal  practice  among  communication 
systems  as  to  what  functions  belong  in  a message  ender.  Sur- 
veying a variety  of  message  euders,  one  might  find  end  of  text 
separator,  end  of  message  separator,  link  control  information, 
device  control  information,  format  control  information,  mes- 
sage accountability  information,  etc.  Complicating  the  situa- 
tion is  the  practicability  of  selecting  delineators  that  are 
identifiable  and  do  net  interfere  with  link  or  device  control 
procedures.  Further  limitations  may  result  from  the  infor- 
mation alphabet.  For  example,  the  ICAO-7  alphabet  provides 
for  a standard  End  of  Text  delineator  via  the  use  of  the  com- 
munications control  character  E_TX,0/3.  However,  no  provision 
is  made  for  unique  End  of  Message  delineator  in  the  ICAO-7 
alphabet. 

G . 2 . 2 . 3 . 1 Alignment  Function 

The  alignment  function  of  carriage  return  (CR)  and 
line  feed  (LF)  shall  follow  the  last  character  of  text. 

G . 2 . 2 . 3 . 2 End  of  Tex1- 

The  end  of  text  is  the  ICAO-7  communications  con- 
trol character  "ETX"  , 0/3.  Other  information  may  follow  this 
character  but  any  such  subsequent  information  shall  only  con- 
tain communication  information. 

G . 2 . 2 . 3 . 3 Additional  Communication  Information 

This  is  an  optional  element  in  the  message  format 
and  nay  not  exceed  one  line  length.  Typical  uses  might  in- 
clude accounting  informatio;i,  message  accountability,  etc. 
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G . 2 . 2 . 3 . 4 Alignment  Function 

The  alignment  function  of  carriage  return  (CR) 
and  line  feed  (LF)  shall  follow  the  last  character  of  the 
Additional  Communication  Information. 

G . 2 . 2 . 3 . 5 End  of  Transmission 

The  end  of  transmission  is  signified  by  the 
ICAO-7  communications  control  character  "EOT",  0/4.  This 
character  also  implies  end  of  message.  No  Characters,  not  even 
device  control  characters,  may  follow  the  EOT  signal. 

G . 3 LINK  AND  DEVICE  CONTROL  ENVELOPE 

In  this  appendix,  the  distinction  between  the 
message  envelope  with  its  elements  of  information  and  the 
link  control  envelope  has  been  emphasized.  To  complete  a 
typical  message  exchange,  one  uses  a recognized  method  of 
link  establishment  and  termination  procedure  and  message 
exchange  procedure.  Frequently,  imbedded  within  the  link 
control  information  is  device  control  information. 

G . 3 . 1 Link  Control 

Because  of  the  factors  discussed  in  Appendix  A, 
more  than  one  link  control,  procedure  must  be  utilized  in 
NADIN.  It  must  be  the  responsibility  of  the  NADIN  message 
switches  and  concentrators  to  build  the  proper  link  control 
envelope  and  mesh  it  with  the  message  envelope. 

G . 3 . 2 Device  Control 

Device  control  information  is,  of  course,  a func- 
tion of  the  terminal  presently  in  communication  with  the  con- 
troller. Typical  functions  performed  by  device  control  in- 
formation include  turning  equipment  on  or  off,  selecting 
equipment  at  a multi -media  terminal,  selecting  operator  alarms, 
line  and  page  alignment,  tape  feed  for  a ROTR,  timing  delays 
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for  carriage  return  or  other  mechanical  functions,  etc. 

Again,  it  must  be  the  responsibility  of  the  NACIN  message 
switches  and  concentrators  to  provide  the  proper  device  con- 
trol information. 

G.3.3  MESSAGE  ACCOUNTABILITY 

A variety  of  techniques  and  procedures  have  been  used 
to  verify  that  communications  links  were  in  order  (monitoring 
and  channel  continuity  checks) , and  to  verify  that  all  messages 
transmitted  over  a lin  were,  in  fact,  received  by  the  receiv- 
ing terminal.  These  latter  procedures  are  generally  referred 
to  as  message  accountability  procedures. 

G.3.3.1  Message  Numbering 

A method  commonly  employed  is  sequential  numbering 
of  each  message.  Any  interruption  in  the  numbering  sequence 
requires  the  recipient  to  inquire  of  (service)  the  transmitting 
station.  This  procedure  can  be  implemented  either  manually  or 
automatically.  ^he  present  AFTN  teletypewriter  procedures  in- 
corporate this  method  of  message  accountability.  On  multipoint 
levels,  message  sequencing  may  also  be  used  if  accountability 
is* maintained  at  a station  level.  This  is  typically  accomplished 
by  all  stations  monitoring  the  "top  line" , which  contains  the 
channel  sequence  number  or  by  maintaining  and  transmitting  in- 
dividual station  sequence  numbers  to  each  message.  The  latter 
technique  is  oractical  when  the  accounting  is  pe* formed  by 
a communications  processor 

Generali/  the  massage  numbering  starts  at  001  and 
runs  to  999  or  9999  upon  which  it  is  recycled  to  001.  The 
numbers  are  usually  recycled  at  the  beginning  of  the  day  (0000) 
using  local  time  or  GMT.  L'his  method  of  message  accountability’ 
is  universally  accepted  and  auj te  practical  to  implement  pro- 
viding the  totai  number  of  messages  exchanged  on  a daily  basis 
is  less  than  10,000. 
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G . 3 . 3 . 2 Automated  Message  Exchange 

For  circuits  operating  at  medium  speed,  the  potential 
daily  message  capacity  is  in  the  hundred  thousands  for  NADIN 
applications.  Many  medium  speed  link  protocols  have  built-in 
message  accountability  provisions,  e.g.,  automatic  message 
acknowledgement,  precluding  the  necessity  for  traditional  mes- 
sage sequencing.  Using  the  ICAO-7  alphabet,  a 2400  bps  cir- 
cuit has  a theoretical  throughput  of  300  characters  per  seconds 
(CPS).  Well  designed,  full  duplex,  continuous  transmission 
with  simultaneous  supervision,  synchronous  .link  control  pro- 
cedures can  attain  efficiencies  of  80¥>  of  the  theoretical 
throughput . 

Thus,  the  effective  information  throughput  can  be 
240  cps . This  is  approximately  equal  to  two  (2)  NADIN  messages 
per  second.  Therefore,  in  one  day,  a link  operating  at  2400  bps 
could  transfer  172,800  typical  NADIN  messages. 

Teicom  recommends  selecting  the  message  accountability 
procedures  that  match  the  requirements  of  the  link.  Where  the 
message  exchange  provisions  of  the  link  protocol  meet  FAA  re- 
quirements for  message  accountability,  there  is  no  need  to  im- 
* 

pose  additional  overhead  on  the  message  transfer  procedures. 

For  links  utilizing  less  comprehensive  procedures,  the  continued 
use  of  message  numbering  on  a circuit  or  station  basis  is  in 
order . 


G . 3 . 3 . 3 Message  Sequence  Numbering  in  the  NADIN 

To  illustrate  the  application  of  message  sequence 
numbering  in  the  NADIN  system,  the  message  format  proposed 
in  paragraph  G.2.2  of  this  Appendix  must  have  added  to  it  a 
link  control  envelope.  For  brevity  purposes,  establishment  , 
device  control,  polling,  and  termination  sequences  are  not 
shown . 
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The  following  example  illustrates  message  sequence 
numbering  on  a channel  basis. 

SOH  Ax  A2  A3  N,  N2  N3  < H 

Destination  Line 
Etc. 

1'TX 

EOT 

where  A}A2A3  is  the  transmitting  identifier  and  is  the 

channel  sequence  number.  The  same  effect  can  be  obtained  by 
placing  the  message  sequence  number  after  the  ETX  as  shown 
below. 


4 

i 


SOH  Destination  Line 
Etc. 

ETX  A1  A2  A3  Nj_  N2  N3 
EOT 


For  links  where  station  message  sequencing  is  desired, 
the ^message  accounting  information  should  be  attacned  as  follows 


SOH  a1a2a3  n:n2n3  a a4a5a6  n4n5n6  a a7a8a9  n7n8n9  < = 

Destination  Line 
Etc . 


EJTX 

EOT 


or 


SOH  Destination  Line 
Etc. 


ETX  At|A7A3  fj'^^2N3  A A4A5A6  A A7A8A9  ^7^ 8^9 


< = 
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Note  that  the  link  control  procedure  resolves  the 
end  of  the  numbering  sequence  by  the  termination  sequence,  EOT . 

The  particular  method  and  format  employed  must  be 
configured  to  match  the  link  control  requirements.  This  does 
not  imply  that  an  unmanageably  large  number  of  formats  is 
recommended;  rather,  the  formats  must  constitute  a compatible 
family,  but  limited  in  number. 

G . 4 CODE  AND  FORMAT  CONVERSION 

The  following  paragraphs  illustrate  the  principles 
of  code  and  format  conversion  developed  in  the  preceding  para- 
graphs of  this  appendix.  They  illustrate  messages  arriving 
from  specific  devices  on  specific  links  and  being  forwarded  to 
specific  devices  on  specific  links  as  described  in  the  limiting 
notes  attendant  with  each  illustration.  The  examples  do  not 
show  potential  benefits  that  can  be  derived  from  computer 
assisted  formatting.  Therefore,  these  examples  illustrate  the 
aforementioned  principles  and  are  not  intended  to  be  the  final 
recommended  procedures  by  line  and  terminal  class. 

G . 4..  1 Service  B to  NAD  IN 

The  following  examples  illustrate  messages  originating 
from  a Service  B terminal.  The  terminal  is  polled  by  a NADIN 
concentrator . 

Poll:  = < + A2A2  -*-*• 

Response:  < < + A^A^A-j  < < = 

ZC7.C  -*■  ABA0  5 3 < < = 

FF  > A1A0A3^BBB  •>  CCCCCC  <<  = 

1012345  -<-XXXXYY  <<  = 

Text 

* G-17 
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V <<  E (EOT) 

NNNN  (COM) 

The  above  is  an  example  of  a message  to  one  station 
on  the  same  circuit  and  two  stations  not  on  same  circuit  using 
non- centrcilized  control. 


Poll  : 


< 4" 


Response:  ZCZC  -*■  ABA053  <<  E 


FF  -*•  A1A2A,  -*■  BBB  -*■  CCCCCC  <<  E 

101234  5 *-  XXXYY  <<  E ' 

Text 

4-  < < r 

NNNN 

The  above  is  an  example  of  a message  to  one  station  on 
the  same  circuit  and  two  stations  not  on  same  circuit  using 
centralized  control. 

In  both  of  the  above  examples,  the  messages  are  des- 
tined to  Service  B and  AFTN  terminals. 


G.4.2 


NADIN  to  Service  B 


* The  following  examples  illustrate  a message  from  the 

NADIN  network  being  delivered  to  a Service  B terminal.  The 
terminal  is  called  by  a NADIN  concentrator. 

Call:  <<  t A-^a.  -<  = 

ZCZC  ->  XYZ076  <<  E 

FF  A1A2A3  ^ = 

101234  5 -*•  XXXYY  <<  E 
\ <<  = 

( 7 ) E NNNN 

The  above  is  an  example  of  a message  to  one  station  on 
a circuit  with  channel  seouence  numbers. 
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a message  originating  from  an  AFTN  terminal.  The  terminal  is 
polled  by  the  NADIN  concentrator. 

Poll:  A1A' 

Response:  < = 4 ZCZC  •+  ABC  123  <<  = 

FF  AAAAA  <<  E 
201234  ->  BBBBBB  <<  = 

Text 

1 <<  E (7)  E NNNN 
(3.4.4  NADIN  to  AFTN 

NADIN  will  deliver  messages  to  the  AFTN  net  /ork. 

The  following  example  illustrates  a message  from  NADIN  being 
introduced  into  the  AFTN  network.  It  should  be  noted  that 
this  example  is  of  proper  format  and  content;  however,  the 
detailed  design  of  format  conversion  must  provide  for  mutilated 
message  formats,  no  enders,  etc. 

Call : ft  Aj 

Response:  V 

Concentrator^  = 4 ZCZC  -*■  XYZ  456  < < E 
FF  ->  AAAAAA 
171234  BBBBBB  < E 
Text 

4 <<  = (7)  E NNNN 


r 


1 


v- 


i 

w # 

■ 


G.5.0  PRIORITY 

G . 5 . 1 General 

The  present  AF'i’N  procedures  provide  for  seven 
priority  indicators  and  six  levels  of  order  of  priority 


transmission . 

The  order 

of  priority  for  transmission  of 

messages  is: 

1. 

SS 

2. 

DD 

3. 

FF 

4 . 

CG 

5. 

JJ  and  KK 

6. 

LL 

The 

present  Service  B procedures  recognize  the 

ICAO  priority 

indicators , 

and  also  the  four  precedence  levels- 

used  in  the  National  Communication  System  (NCS).  NCS  and  ICAO 

indicators  are  related  as 

shown  in  the  following  Table: 

ICAO 

NCS 

1. 

SS 

Flash  (Z) 

2. 

DD 

Immediate  (D) 

3. 

FF 

Priority  (P) 

4. 

GG  and  JJ 

Routine  (R) 

The  proposed  CIDIN  procedures  shov  only  two  priorities 
for  network  trunks. 

G.5.2  NADIN  Priority  Requirements 

NADIN  messages  may  be  divided  into  two  classes,  each 
with  its  own  demand  for  priorities.  The  classes  are: 

• Information  Transfer  - no  immediate  reply. 

• Information  Transfer  - immediate  reply. 

The  first  class,  information  transfer  - no  reply, 
contains  the  preponderance  of  all  existing  Service  P messages 
and  all  AFTN  messages.  The  basic  characteristic  of  this  class 
of  messages  is  that  no  reply  is  expected  or,  if  there  is  to  be 
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a reply,  Lhe  response  time  of  the  reply  is  not  significant. 

The  second  class  of  messages  are  distinguishable  in  that  a 
reply  is  expected  and  the  response  time  for  the  reply  is 
f relatively  short  (real-time  or  near  real-time) . This  class 

of  traffic  may  currently  be  found  on  Computer  B circuits. 

G . 5 . 2 . 1 Response  Time  vs  Priorities 

The  priority  indicators  specified  for  use  in  AFTN 
and  Service  B have  associated  NCS  defined  message  transfer 
times  or  network  response  times.  These  response  times  are 
for  messages  in  the  first  class,  i.e.,  information  transfer 
with  no  immediate  reply.  The  network  response  time  for  these 
messages  ranges  from  minutes  to  hours. 

To  accomodate  messages  in  the  second  class,  network 
response  times  of  a few  seconds  are  required.  No  AFTN  or 
Service  B priorities  categories  exist  to  represent  these  res- 
ponse times.  Fortunately,  these  messages  are  distinguishable 
by  message  type  and  presently  are  found  only  on  Computer  B 
links.  As  concluded  in  Telcom's  previous  study  of  Service  B 
it  is  not  recommended  that  real-time  response  traffic  be 
imposed  on  a common -user  message  oriented  network  because  of 
the  resulting  costs.  Therefore,  it  may  not  be  necessary  to 
develop  priority  indicators  for  these  message  types. 

G.6.0  ADDRESSING 

AFTN  addresses  may  be  six-or  eight-character  groups. 

Service  B addresses  are  three-  or  four-character  groups.  It  is  quite 
technically  feasible  to  permit  a mixing  of  address  lengths. 

For  the  NADIN  network,  Telcom  feels  that  there  are  no  signi- 
ficant technical  reasons  precluding  the  mixing  of  address 
lengths.  Furthermore,  Telcom  recommends  the  inclusion  of  a 
five  character  address  to  permit  addressing  to  functional 
levels  within  the  present  Service  B environment.  A three 
character  address  would  automatically  result  in  a default 


f 
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function  at  each  specific  location.  This  default  function  need 
not  be  the  same  at  every  location. 


G.7  AUTOMATED  ASSISTANCE  TO  TERMINALS 

Switches,  concentrators,  am  programmable  terminals 
can  be  programmed  to  perform  many  functions  that  would  otherwise 
be  an  additional  burden  to  the  operator  and,  in  some  cases, 
involve  an  unnecessary  transmission  of  information.  For  example, 
certain  terminals  may  invariably  send  messages  to  a small, 
fixed  set  of  addressees;  in  ;uch  cases,  the  swatch,  recognizing 
the  source  of  a message,  could  supply  the  addresses  from  stored 
tables,  thus  reducing  the  volume  of  the  input  traffic.  Likewise, 
certain  message  types,  regardless  of  origin,  may  always  be 
destined  to  the  same  set  of  addressees,  also  permitting  the 
switch  to  supply  the  actual  addresses.  Messages  involving  a 
relatively  small  amount  of  variable  information  embedded  in  a 
stereotyped  text  can  be  handled  economically  by  transmitting  only 
the  variable  portion  and  supplying  the  fixed  portion  at  the 
destination  concentrator  or  at  the  addressed  terminal,  if  it  is 
programmable.  The  NADIN  architecture  provides  unlimited 
opportunities  of  this  kind  for  increased  economy  of  operation, 
in*  addition  to  the  primary  economies  in  network  facilities. 
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